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a  b  s  t  r  a  c  t

In  recent  years,  analysis  and interpretation  of  video  sequences  to  detect  and  track  objects  of  interest  had
become  an  active  research  field  in  computer  vision  and  image  processing.  Detection  and  tracking  includes
extraction  of moving  object  from  frames  and continuous  tracking  it thereafter  forming  persistent  object
trajectories  over time.  There  are  some  really  smart  techniques  proposed  by researchers  for  efficient  and
robust detection  or tracking  of  objects  in  videos.  A comprehensive  coverage  of  such  innovative  techniques
for  which  solutions  have  been  motivated  by  theories  of soft  computing  approaches  is  proposed.  The  main
objective  of this  research  investigation  is to study  and  highlight  efforts  of researchers  who  had  conducted
some  brilliant  work  on  soft  computing  based  detection  and  tracking  approaches  in video  sequence.  The
study  is novel  as it  traces  rise of soft  computing  methods  in  field  of  object  detection  and  tracking  in
videos  which  has been  neglected  over  the years.  The  survey  is compilation  of  studies  on  neural  network,
deep  learning,  fuzzy  logic,  evolutionary  algorithms,  hybrid  and  recent  innovative  approaches  that  have
been  applied  to field  of  detection  and  tracking.  The  paper  also highlights  benchmark  datasets  available  to
researchers  for  experimentation  and  validation  of  their  own  algorithms.  Major  research  challenges  in  the
field  of  detection  and  tracking  along  with  some  recommendations  are  also  provided.  The  paper  provides

number  of  analyses  to guide  future  directions  of  research  and  advocates  for  more  applications  of  soft
computing  approaches  for object  detection  and  tracking  approaches  in videos.  The  paper  is  targeted  at
young  researchers  who  will like to  see  it as  platform  for introduction  to a mature  and  relatively  complex
field. The  study  will be helpful  in  appropriate  use of  an existing  method  for  systematically  designing  a
new  approach  or improving  performance  of  existing  approaches.
©  2018  Elsevier  B.V.  All  rights  reserved.
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. Introduction

The exponential growth in hardware facilities like cameras, pro-
essing machines, mobile phones have led to an explosion of studies
n automated video analysis for object detection and tracking. It is
ne of the hottest topics of research in computer vision and image
rocessing. Object detection and tracking in video sequence is the
ey technology in the development of various video analysis appli-
ations that tires to detect and track objects over a sequence of
mages by replacing old traditional methods of monitoring cameras
y human operators. The proposed solutions range from low cost
andheld devices or cameras to high cost sophisticated and pro-
rietary solutions. Object detection is the process of locating the
ccurrence of object using number of techniques like background
ubtraction, feature extraction, statistical methods etc. Fig. 1 shows
ome example of object detection in videos. Colored boxes on the
gures are used to highlight the detected object on a frame. A num-
er of traditional approaches like background detection, frame dif-
erence, Gaussian mixture modeling, optical flow based techniques
re commonly used to detect objects. Object tracking, on the other
and is process of monitoring an object or multiple objects using

 camera over time. Tracking deals with assigning labels to object
eing tracked and plotting suitable trajectories to specify object
otion or deviations. Addition object specific information like area,

hape size, orientation can also be extracted by object tracking
ethod. Tracking methods work by detecting the object when it

ppears for the first time in a frame and predict its trajectories.
uch detection-based algorithms estimate the object location in
very frame independently. These require an offline training stage
nd cannot be applied to unknown objects. There is another class
f methods where detectors and trackers work simultaneously in
hich tracker can provide weakly labeled training data for a detec-

or and can help to improve its performance using suitable learning
echanisms. Such trackers can work in online as well offline mode.

ig. 2 shows sample tracked objects over sequence of frames.
The general framework for object detection and tracking in

ideos is shown in Fig. 3. Video images or frames are processed
o detect object using an algorithm which is followed by labeling
nd tracking of that object. Labeling is important to differentiate
nd track an object over series of frames. Preprocessing operations
an be applied before or after an object is detected. Preprocess-
ng before object extraction will target to enhance quality of video
equences by suppression of noise or redundant information to
nable more accurate and precise detections. It is different from
ost processing where target is to enhance boundaries or shapes
f detected object with help of certain morphological operations.

bject detection and tracking go hand in hand in which detected
bject is tracked in subsequent frames. Detection and tracking
re preliminary steps towards developing various applications like
vehicle extraction from traffic surveillance scenes [1,2], detection of
suspicious behaviors in shopping malls in real time [3], path detec-
tion in video surveillance [4], observation of birds intelligently[5],
cyclist motion detection [6] and can be further utilized in several
application such as aviation protection and safety.

Detection and tracking techniques have flooded in the recent
past but number of challenges involved in this process makes this
problem an evergreen research problem. Challenges that compli-
cate detection and tracking problems include camera jitter, rapid
illumination changes, dynamic backgrounds, moving cameras and
shadow detection etc. These problems cannot be solved by simple
algorithms because of complexities, impreciseness and improba-
ble factors introduced at various intermediate steps. To cater these
problems soft computing based studies had begun to take center
stage as soft computing techniques have demonstrated a sound
history in tackling these issues which are difficult to be handled
by traditional approaches. In Fig. 4, the evolution of soft comput-
ing based approaches for object detection and tracking in videos
in terms of number of papers published over last 17 years has
been portrayed. The growth in early years was bit slower but it
has gradually been exponential in the past 6–7 years. The slope
of curve indicates a rapid rise in number of publications in pre-
vious years from 2011 onwards because these approaches have
established themselves as most active areas of research in field
of object detection and tracking. Soft computing based techniques
have demonstrated tremendous success in handling complex appli-
cations and because of their dazzling abilities, these techniques
have been able to find acceptability among masses. These reasons
have made soft computing based object detection and tracking
approaches popular for solving various real time applications such
as visual surveillance, analysis of sports, human action recognition,
event detection and so on. A number of soft computing based object
detection and tracking approaches in video sequence have been
worked upon in the recent past by various researchers which have
demonstrated promising results. This paper is a novel attempt to
cite the efforts put by those researchers in this ever growing field.

This manuscript has been structured under two  major headings:
object detection and tracking. Subcategories of Neural Networks,
Fuzzy Logic, Evolutionary and Hybrid Approaches are framed under
these headings. Studies under these subheadings were harvested
using a systematic process. Some newly explored studies based
on representation learning, knowledge based studies, ensemble
tracking have also been included. An extensive set of studies from
conferences and research journals was  prepared at first level in
which soft computing techniques have been used by researchers.
This list was sorted and refined further to include studies in which

soft computing techniques have played major and noticeable role
in object detection or tracking. An attempt was made to make
the study exhaustive however recent studies and from reputed
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Fig. 1. Examples of object detection in videos.

Fig. 2. Example of object tracking in videos [129].

Fig. 3. General framework of object detection and tracking in videos.

Fig. 4. The graph shows cumulative number of relevant publication and their span among the years 2000–2017 related to Soft computing based approaches for object
detection and tracking in videos.



426 M.  Kaushal et al. / Applied Soft Computing 70 (2018) 423–464

Table 1
Summarization of various Survey papers on Object detection and tracking in videos.

Title Author Description Year Paper

Background subtraction techniques: A
review

M.  Piccardi Provides comprehensive survey on various Background subtraction
techniques and also compares techniques in terms of speed, memory
requirements and accuracy.

2004 7

Object Tracking: A Survey A. Yilmaz, O. Javed, M.
Shah

Presented a classification of tracking methods with their pros and cons.
Important issues such as selection of motion models, and detection of
objects, use of appropriate image features were also discussed.

2006 8

Background modeling using mixture of
Gaussians for foreground detection: A
survey

T. Bouwmans, F. E. Baf,
B. Vachon

Overview of traditional Background modeling approach using
Gaussian mixture model for foreground detection were reviewed;
different improvements w.r.t. traditional approaches found in the
literature were categorized.

2008 9

Review and Evaluation of well-known
methods for moving object detection
and tracking in videos

B. Karasulu A systematic analysis of various known object detection and tracking
algorithms with focus of various performance measures. Various
metrics have been proposed and effectiveness of algorithms is
computed via various metrics.

2010 10

Recent advanced statistical background
modeling for foreground detection: A
systematic survey

T. Bouwmans Surveyed recent developments in statistical background modeling
approaches for foreground detection.

2011 11

Recent advances and trends in visual
tracking: A review

H. Yang, L. Shao, F.
Zheng, L. Wang, Z.Song

Recent progress of various state-of-the art feature descriptors, online
learning methods and context information methods was presented
with positives and negatives.

2011 193

Systematic Survey on Object Tracking
Methods in Video.

J. J. Athanesious, P.
Suresh

Analysis of various object tracking methods in video are reported and
reviewed.

2012 12

Video  Surveillance Systems − A Survey. C. L. Devasena, R.
Revathí, M.  Hemalatha

Presented a review of the state-of-the-art methods with a
focus on video surveillance only

2011 13

A  Survey on Moving Object Detection and
Tracking in Video Surveillance System

K. A Joshi, D. G. Thakore 2012 14

Detection of Objects in Motion-A Survey of
Video Surveillance

J. Raiyn 2013 15

Study  of Moving Object Detection and
Tracking for Video Surveillance.

A. K. Chauhan, D.
Kumar

2013 16

Automated human behavior analysis from
surveillance videos: a survey.

D. Gowsikhaa, S.
Abirami, R. Baskaran

Reviewed few algorithms in the domain of human behavior analysis
which includes both low level and high level techniques with focus on
semantically enhanced analysis.

2014 17

A  Comprehensive Review Of Background
Subtraction Algorithms Evaluated with
Synthetic and Real Videos

A. Sobral, A. Vacavant Overview of traditional background subtraction approach in videos is
presented and compared a wide range of Background Subtraction
algorithms from literature.

2014 18

Survey on Background Modeling and
Foreground Detection for Real Time
Video Surveillance.

S. Jeevaa, M.  Siva
balakrishnan

Presented a review and comparative study on Background modeling
and  Foreground detection for real time video surveillance.

2015 19

Fuzzy  human motion analysis: A review C. H. Lim, E. Vats, C. S.
Chan

Presented significant contributions published in literature that use
Fuzzy oriented human motion analysis approaches and explored
various future research directions.

2015 20

Human detection from images and videos: D. T. Nguyena, W.  Lia, A review on the state-of-the-art for human detection techniques is
ented.
ction a
lighte

2016 21
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atabases are included for obvious reasons of quality and wider
issemination. At next level of manuscript preparation, some stud-

es with good number of citations have been added under some
ubheadings where appropriate number of studies was  not avail-
ble. The audiences of this paper include young practitioners and
esearchers who see this domain as wider research challenge. The
aper has been targeted at young researchers who are motivated by
owers and success of soft computing approaches to handle com-
lex real time environments or situations. The study is novel as the
uthors were not able to find a survey that has provided a compre-
ensive compilation of work on soft computing approaches only.
here have been some very good survey papers in recent past as
hown in Table 1 but none of them focuses on the specified topic
s a whole. The paper will be beneficial to readers around the globe
ho are looking for exploration in this field.

. Motivation and contribution

Soft Computing comprises of number of methodologies such

s Neural network, Genetic Algorithms, Fuzzy logic, evolution-
ry approaches aimed at exploiting tolerance for uncertainty and
mprecision, to achieve low cost and robust solutions for real world
pplications. The human mind is a role model for soft computing
 Challenges such as occlusion and real-time human
long with open issues and future research directions are

d.

based approaches and nature is the driving force behind it. Theories
based on nature together with capabilities of human mind had pro-
posed some revolutionary solutions in the field of object detections
and tracking in videos. This study is aimed at reviewing such state of
art methods on this topic which are very difficult to find. The work
presented in this paper is intended to provide a wide overview on
use of various soft computing based approaches for object detection
and tracking in videos. Our study is driven by the desire to iden-
tify various soft computing approaches for object detection and
tracking in videos and group most of them together for benefit of
research community as a whole. To the best of our knowledge, most
surveys research papers focus only on well known moving object
detection and tracking approaches targeted at specific applications.
There has been little mention of soft computing approaches in these
surveys moreover these studies have been projected as support-
ing theories or as contributor towards specific applications. The
contributions have not been fully acknowledged and this discus-
sion is also randomly scattered. There has not been any survey to
pit wonderful contributions that soft computing based approaches

have been able to make in field of object detection and tracking in
videos. The current study is in sharp contrast to past survey listed
in Table1 as it has brought together studies on all soft computing
approaches under one umbrella. Table 1 is arranged in chronologi-
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al order of publication and summarizes major contributions made
y these studies; discussions on previous surveys and how current
tudy deviates from these available methods is presented here.

The review presented by Piccardi [7] has focused on various
ackground subtraction techniques only and had produced com-
arison of different background subtraction based approaches in
erms of various parameters. Bouwans et al. [9] has targeted back-
round modeling techniques using Gaussian mixture based studies.

 review of moving object detection and tracking targeting video
urveillance applications have been provided by [13–16]. Stud-
es by Sobral et al. [18]; Jeevaa et al., [19] are also focused on
ackground subtraction techniques for video surveillance appli-
ations. A discussion on various metrics for evaluation of moving
bject detection and tracking methods was presented by Kara-
ulu [10]. The study evaluates various algorithms on the basis of
hese metrics. Summarization of various statistical methods for
bject detection has been done by Bouwmans [11]. Yilmaz et al.
8] had demonstrated broad overview of various object tracking
pproaches in videos and also discussed issues related to tracking
uch as selection of motion models and detection of objects, use of
ppropriate image features etc. Yang et al. [193] traces progress of
arious state-of-the art feature descriptors along with online learn-
ng methods used in various tracking mechanisms. A similar sort of
nalysis for various object tracking methods have been presented
y Athanesious et al. [12]. Some surveys on human motion behavior
etection like [17] are also available in literature. Lim et al. [20] has
resented significant contributions based on fuzzy oriented human
otion analysis that are published in the literature. A recent paper

n human detection has been proposed by Nguyena et al. [21]. The
aper has discussed various studies for human detection focusing
n challenges like occlusions and real time human detection.

The studies discussed above are focused towards discussion
f related studies on specific applications like video surveillance
14,15], human behavior [17,21], background modeling [9,11,18]
tc. Although compilation of studies targeting certain suitable
pplications is important but contributions of soft computing tech-
iques in developing these applications shall not be ignored. As
ork in these applications prospered, together with challenges

hrown by real time environmental conditions like background
luttering, occlusions, shape, appearance changes of object, stud-
es based on soft computing techniques had really evolved over
ast few years. Soft computing approaches are tolerant of uncer-
ainty, partial truth, and approximation and imprecision and have
ound history in offering good solutions in field of object detection
nd tracking. A survey based on contribution of soft computing
ased studies for object detection and tracking will widely con-
ribute in that direction and is likely to be appreciated by fellow
esearchers. This paper is an attempt in that direction and will focus
o track development, use and progress of soft computing based

ethods in the development of some good applications. This arti-
le’s contribution has many folds. Firstly, the survey enumerates
nd highlight numerous soft computing based methods in the field
f object detection and tracking in videos and categorizes them into
eural network based approaches, fuzzy logic based approach, evo-

utionary approaches, hybrid and some novel approaches. This type
f categorization helps to gain insight into various categories of soft
omputing based techniques in fairer way and helps in evaluating
heir suitability for numerous applications. This is first survey to the
est of author’s knowledge focusing only on soft computing based
pproaches for object detection and tracking in videos. Secondly,
he work provides comprehensive study to readers/researchers to
nderstand soft computing based concepts for object detection and

racking in videos. The paper will act as platform for integration of
wo relatively complex fields of object detection and soft comput-
ng approaches bundling together all soft computing approaches at
ne platform. We  provide broader prospective of the state-of-the-
puting 70 (2018) 423–464 427

art rather than focusing on specific application for object detection
and tracking in videos. The paper can contribute to attract young
talent towards explorations, integration and innovations in the field
of object detection and soft computing. The paper can also act as
guiding tool for reviewers and researchers for evaluating other state
of art methods. The paper can also contribute in identifying soft
computing based object detection and tracking approaches which
are available for various user applications with relative rate of accu-
racy. Analysis, inferences and challenges for object detection and
tracking in videos are presented to help in identifying latest trends
and guide readers to identify those techniques which best suit their
needs. Discussions regarding strengths and weaknesses of each
soft computing approach to handle different challenges are also
provided for benefit of research peers. The survey also highlights
techniques towards which future research is shifting and directions
for some new techniques like deep learning, hybridization of deep
learning with evolutionary approaches are also listed.

The organization of paper is as follows: Section 3 describes
most commonly used neural network based object detection and
tracking approaches for video sequences and outlines deficiencies
and advantages associated with these approaches. This section also
includes studies on deep learning techniques. Section 4 describes
some fuzzy logic based approaches for object detection and track-
ing in videos. Section 5 reviews some of the work on evolutionary
algorithms based approaches. Hybrid approaches for object detec-
tion and tracking in videos are covered in Section 6. Some recent
novel techniques based on representation learning, knowledge
based system, learning by detection, ensemble tracking and stud-
ies based on correlation filters are discussed in Section 7. Section 8
discusses about available datasets for evaluation of algorithms, list
of studies using those datasets have also been discussed. Various
challenges in field of object detection and tracking are provided
in Section 9. Section 10 provides a number of analyses with brief
guidelines for selection and application of specific algorithm. Last
section concluded whole study and lists some crucial outcomes for
further exploration.

3. Neural network based object detection and tracking
approaches

Neural networks are family of models inspired by working of
human brain and nervous system. Neural network have the ability
to learn from historic data and neural based algorithms are power-
ful and proven tools for providing useful and efficient solutions for
classification problems. As a model for simulating learning func-
tion of human brains, they are able to perform classification of
moving objects accurately when network is trained with sufficient
training data. A substantial increase in number of neural networks
approaches for object detection in videos has been observed in
recent publications. With the advent of techniques like deep learn-
ing and deep convolution networks, success gained by these studies
is also quite remarkable. The studies have been organized in hierar-
chy according to the neural architecture or algorithm employed in
them. Studies are categorized and grouped according to proposed
classification for better understanding and readability. Fig. 5 shows
arrangement of available papers on neural network.

3.1. Neural network based object detection

An edge detection method followed by neural network based
edge matching algorithm was  developed by Dewan et al. [22]. The
matching algorithm was based on integer distance transforma-

tion and feed forward neural network was used for classification
of moving objects accurately. A combination of artificial neural
network and Kalman Filter based approach for moving object detec-
tion captured by moving camera was  proposed by Taleghani et al.
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Fig. 5. Summary of neural netwo

23]. In their work, videos were captured by moving camera and
 multilayer perceptron was embedded in Kalman Filter for accu-
ate detection of object motion. Unsupervised competitive neural
etwork approach based on background subtraction for real time
ideo segmentation was introduced by Luque et al. [24]. The neural
rchitecture served both as an adaptive model for background sub-
raction and as classifier of pixels for foreground and background.
s a result, efficiency was increased and there was reduction in
rocessing time. Culibrk et al. [25] had put forward a neural based
rchitecture to design a Bayesian classifier for video object seg-
entation. The proposed approach worked as an unsupervised

lassifier and did not require any training. The model was advanta-
eous as it was capable of online learning. An improved background
ubtraction algorithm using unsupervised competitive neural net-
ork approach was proposed by Baena et al. [26]. In this case,

ynaptic weights and adaptive neighborhood of neurons acted as
ackground model and were continuously refreshed to represent
ackground statistics. The technique was pixel level parallelized
nd was targeted to achieve real time processing by hardware
mplementation. Another approach employing use of competitive
eural network based on dipoles was presented by Baena et al.
27] to efficiently classify pixels as foreground or background. The
pproach worked by estimating the directionality of data for aid in
ffective detection of moving objects in videos. As a result, segmen-

ation accuracy of proposed approach was improved as compared
o Gaussian mixture and other Background Subtraction models. The
rawback of approach was its failure to estimate moving object
sed object detection approaches.

boundaries effectively. Self organizing maps with analysis of his-
togram were used by Baena et al. [28] for traffic flow monitoring.
In their method, self-organizing neural network (SOM) was used for
anomalous objects detection according to its shape. In order to han-
dle occlusions efficiently, a procedure was  applied to evaluate and
identify objects integrated in an over-lapped zone. The overlapping
of extracting objects was  reduced after analyzing horizontal and
vertical histograms of binary image. Zhou et al. [29] had proposed
an automatic pathological diagnosis procedure which utilizes arti-
ficial neural network ensemble to identify lung cancer cells in the
images of the specimens of needle biopsies. The approach uses two-
level ensemble neural architecture composing of heterogeneous
ensembles that not only comprises individual networks with dif-
ferent number of output units but also employs different methods
to combine individual predictions. The first-level ensemble is uti-
lized to judge whether a cell is a cancer cell with high confidence.
The predictions of those individual networks were combined by a
novel prediction method to improve the accuracy of false negative
identification in the first-level ensemble. Artificial neural network
was used for detection of breast cancer by Menéndez et al. [30].
They proposed a system for breast cancer diagnosis to determine
which women are more likely to suffer from a particular kind of
tumor before they undergo a mammography. Several SOM net-
works of increasing dimensions were trained with original set of
49,401 healthy patients. Afterwards, an algorithm of unsupervised
learning and low computation cost (MARS) was  used in order to
train a different model for every SOM network trained. Testing of
trained network was done again on three different datasets which
yielded promising results.
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C1: Pseudo Code for utilization of Self Organizing Map  for
ackground update [31,33]

A SOM based algorithm for modeling difference between
topped and moving objects captured by stationary camera was
roposed by Maddalena et al. [31]. SOM was used to develop

 model of scene background as well as foreground that can
andle critical situations such as dynamic backgrounds or rapid

llumination changes etc. The technique was employed to help
ifferentiating moving and stationary foreground regions, which
urther leads to initial step for segmentation of objects in a scene.
he scheme was tested on superimposed objects also. Another
OM based dynamic retinotopic method for enhancing capability
f moving object detection in videos was proposed by Quintana
t al. [32]. Retinotopic SOM was a visual vertex mechanism that
llowed its learning parameter to adapt based on scene behavior
nd mimics perception abilities. Standard SOM architecture was
sed and involves Hebbian learning mechanism for updating neu-
on weights. The method could deal with dynamic background
nd showed robustness with illumination changes. Furthermore,
he method could predefine parameters automatically which made
t suitable to use in real time applications for video sequence
nalysis. Maddalena et al. [33] proposed another Self Organiz-
ng Background Subtraction approach for tackling issues such as
ensitivity to dynamic environment, changes due to lightening
nd extraneous events present in traditional Background Subtrac-
ion method. In their work, background motion trajectories were
earned in self organizing manner to help in detection of motion,
pdating the background model and further, making neural net-
ork architecture much simpler. They organized ANN as 2D flat

rid of neurons where weights of the input nodes represented
eural network learning (Please refer to C1 for pseudo code and
etailed algorithm). The proposed method acted as competitive
eural network, as each node was mapped to most similar incom-

ng pattern. But in case of color pixels, a neuron map  of n*n vectors
as taken and mapping of incoming pattern was  done using the
earest distance measure to the weight vector and further, neigh-
orhood weight vectors were also updated. The whole set of weight
ectors behave as a background model that is used for background
ubtraction. The performance of proposed approach was  evaluated
sing frame based and pixel based metrics and results showed
ccuracy with lower computational cost. A different background
ubtraction approach based on Self Organizing Neural Network
rchitecture known as temporal modular self-adaptive SOM was
roposed by Alonso et al. [34]. The basis of approach was that it
ould adapt to two different Background Subtraction models and
ncorporate an automatic behavior in the system. SOM was  used to
ecide which Background Subtraction model shall be used based
n dynamic system behavior for improved segmentation results.
eurons were updated using input frame information and finally
verage filters were used to classify pixels as foreground or back-
round by considering neighborhood information. Four specialized
odules were included to handle various scenarios that can occur

n videos and make decisions accordingly. The work was  evaluated
n some video sequences of Change Detection [179], BMC  [178],
nd Wallflower database [166]. A method based on 3D self orga-
izing background subtraction (3dSOBS) algorithm was elaborated

n another study by Maddelena et al. [35] to generate background
odel automatically for detection of moving objects. This algo-

ithm enhanced previous self organizing background subtraction
lgorithm by incorporating initial background estimation, spatial
oherence, and shadow detection and removal methods. In their
ork, network was organized as 3D grid of neurons, the background

odel was initialized by the first frame of the video and occlu-

ion was handled using temporal median method in initial frames.
he weights were updated using a visual attention mechanism of
einforcement and exploiting spatial coherence of scene objects. A
puting 70 (2018) 423–464 429

threshold calculated empirically was  used to classify pixels as fore-
ground and background. They extended the method adopted by
[33] for discriminating shadow pixels by taking into consideration
the fact that shadow cast on background does not have any signif-
icant change on hue. Experimental results performed on extensive
Background Models Challenge datasets demonstrated that 3dSOBS
algorithm handles situations such as waving trees, cast shadow for
tiny and large moving objects robustly than other state-of–the-art
methods. Ikeda et al. [36] proposed another ANN based system for
counting pedestrians in single image captured by single video cam-
era. Background Subtraction algorithm was  applied to extract group
of pedestrian between input and background image. The color and
shape information was  calculated for every pedestrian region that
constituted a nine dimensional vector. Back propagation algorithm
was applied to estimate number of pedestrian in group and track-
ing was accomplished by comparing current location of detected
pedestrian with previously extracted location.

Convolution neural network is one of the most notable deep
learning [37,38] approaches employed for various computer vision
tasks such as object detection, image classification and object seg-
mentation. For pedestrian detection, Tome et al. [39] have proposed
architecture based on deep learning that adapts convolution neu-
ral network for tasks at hand. The proposed approach consisted of
three stages: region proposal, feature extraction and region classi-
fication. They had tested three different strategies (Sliding window,
Selective Search and Locally Decorrelated Channel Features) for
region proposal. In the context of object detection, convolution
neural network was  trained on ImageNet dataset. Region proposal
score was  used to select regions which were fed to network for
classification. It also exploited an additional feature which was
used as final classifier for detecting the presence of a pedestrian.
Such image classification approach outperforms state-of-the art
in terms of detection accuracy based on handcrafted features and
low computational cost. Due to high computational complexity of
deep neural network, there is a strong demand for reliable and
efficient object tracking algorithm. To address this problem, Jiang
et al. [40] came up with convolutional based pedestrian detector
by sharing features across a group of deep neural Network based
detectors having various sizes of model windows. They detected
pedestrians of various scales on one single layer of an image pyra-
mid  simultaneously. The proposed approach was able to decrease
number of layers that were required to take out features compared
to traditional scanning approach. They used four convolution neu-
ral network detectors to make detection performance stable for
further reduction of computational burden. For object detection
system, object classification in videos has been investigated inten-
sively due to its important role in various applications. To improve
object classification, Najva et al. [41] introduced a model for detec-
tion and classification of objects in videos based on deep neural
network. In this approach, object detection was  done using back-
ground subtraction approach. Object recognition and classification
was done using feature vectors including tensor based Feature
Extraction, along with scale invariant feature transform to classify
the detected objects using Deep Neural Network. Auto encoders
were used to train deep network. Another relevant approach to
infer impact of object motion in videos was proposed by Rodriguez
et al. [42]. The proposed scenario included prediction mechanism
to identify object motion in videos based on stored information
in the neural network structure with characteristics of objects.
The architecture has been implemented on GPUs due to parallel
nature of neural network. The suggested method was  evaluated on
CAVIAR dataset. Braham et al. [43] proposed convolutional neu-

ral networks based background subtraction algorithm to enhance
efficiency of object detection in videos. The method used a sin-
gle gray scale image background model and convolutional neural
network was trained using scene specific dataset. The aim was
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o design an algorithm capable to encompass deep feature clas-
ification potential and learn with convolutional neural networks
o improve background subtraction operations. By testing on the
hangeDetection.net dataset (CDnet 2014), the authors showed
hat the detection accuracy of the proposed algorithm was  bet-
er than state-of-the-art methods. One recent approach based on
eep learning for brain tumour detection has been proposed by
avaei et al. [191]. A new Deep Neural Network architecture which
xploited both local features as well as more global contextual
eatures simultaneously has been proposed. The deep network
mplemented a final layer that was a convolutional implementa-
ion of a fully connected layer to aim speed up than traditional

ethods.

.2. Neural network based object tracking

Neural networks have also been used for tracking of mov-
ng objects and this section summarizes available studies in that
irection. A Growing Competitive Neural Network (GCNN) method
erived from classical competitive neural network approach was
resented by Lobito et al. [44] for tracking moving object for video
urveillance. GCNN was introduced when creation of new process
nits (neurons) was a necessity for providing a better foreground
bject representation. It was observed that architecture was able
o meet set of requirements such as time constraints management,
obustness, high processing speed and re-configurability. A paral-
el and independent tracker known as MS-RBF(Mean-Shift Radial
asis Function neural network tracker) was proposed by Rowghani
t al. [45]. The method combines two independent trackers where
S  tracker performed target modeling using spatial-weighted color

istogram and Bhattacharyya coefficient was applied for comput-
ng similarity measure between reference and candidate models.
adial Basis feed forward neural network tracker learned target

eatures using supervised and unsupervised steps. It had input
eature vector which learns color and texture features both from
ackground and target, which was further used for detection and
racking of objects in other frames. A novel activation function was
mployed and the extracted features were clustered using Fuzzy
-Means clustering. The results of both trackers were averaged to
et final output.

Fan et al. [46] introduced method for tracking some specific
bjects with a focus on human tracking. The proposed approach
as based on convolutional neural networks in which spatial and

emporal features were learned during offline training process. The
se of conventional convolutional neural network was  extended by
pplying shift-variant architecture to combine global and local fea-
ures in a natural way. Initially, CNN extract local features from
nput image and were combined to obtain higher order features
y further subsequent layers. CNN used shift-invariant property
or detection and tracking was performed on the basis of spatial
nd temporal structures of the patches. The spatial structure was
oncerned with appearance and motion information was  captured
sing temporal features. The output of tracker was  probability map
here location of target was indicated by a peak of the map. A

obust online adaptive tracking system was developed with help
f two neural classifiers (object/non-object) by Babu et al. [47].
eatures such as color and location information of background pix-
ls and surrounding objects were used for training network. The
arget of separating object from background was accomplished
y estimating likelihood map  among these pixels. The classifi-
ation accuracy was increased further by tuning object and non
bject classifiers using fast learning radial basis function network

or training of both classifiers. Background pixels were maximized
sing background classifier and classification of object pixels was
aximized using object classifier. The shift in centroid of the object

ixels specifies the displacement of the object and the cumulative
puting 70 (2018) 423–464

displacement specifies the location of the object for a particular
frame. To handle challenges like change in appearance, background
and rapid illumination changes, the output weights of object/non-
object classifier were adapted online. The intersection of posterior
probability of two  classifiers was  used to derive both target and
object model. Asvadi et al. [48] also used color features to evolve
an object model based on fast learning radial basis function net-
works(RBFNN). The work focused on developing a background
model for object of interest starting from initial frames and select-
ing objects to be tracked manually. K-means segmentation was
then applied for separating the object from background and the
background modeled in previous stage was  extended. In the next
stage, RBFNN was  trained using both extended and object back-
ground features and object was tracked by iteratively seeking the
object’s centroid estimated by RBFNN method. The stopping con-
dition occurs when centroid location remained unchanged for any
two consecutive iterations. The proposed approach was  evaluated
using video sequences of PETS 2001 dataset.

An organized snapshot of the methodologies adopted to handle
sudden illumination changes, dynamic changes in object was pre-
sented by Suresh et al. [49]. They applied online learning radial
basis function classifier for object detection in videos. The hid-
den neurons were automatically determined by learning algorithm
for capturing the decision boundary. To handle rapid illumina-
tion changes, parameters of the radial basis function network were
adapted by online learning from neural classifier. The target objects
were localized in the consecutive frames using posterior probability
map. The challenges such as low quality of camera, Pan-Tilt-Zoom
operations and various complex working environments possessed
by real-world CCTV footage makes it hard to track objects accu-
rately. Aiming to solve this problem, Dimou et al. [50] introduced a
deep learning based multiple target detection framework to track
objects in videos. The method incorporated heterogeneous train-
ing data and data augmentation for improving detection rate in
CCTV scenes. Recurrent Neural Network was  applied to model
objects’ spatial transformation parameters and to predict evolu-
tion of intrinsic camera parameters. The predicted parameters were
helpful to tune detector parameter which further improved track-
ing results.

Tracking multiple people in videos is a challenging problem
which is gaining attention especially for video surveillance appli-
cations. To tackle this problem, Xue et al. [51] came up with a
deep learning model trained using big data acting as an efficient
classifier for different types of object. The focus of study was on
pedestrians tracking in RGBD videos captured by RGBD camera.
Deep convolutional neural network classifier was trained offline
and procedure for tracking was run online to further boost per-
formance for human classification. A probabilistic tracking method
was introduced to integrate deep learning based classifier with a
model of probabilistic motion in which people were tracked by
increasing posterior probability greedily. Due to powerful feature
learning capabilities, deep learning has been successfully used for
visual target tracking but trackers suffer from contaminated fea-
tures obtained in occluded areas when occlusion occurs. Therefore
for tracking moving target in occlusions, Wu  et al. [52] proposed
regional deep learning tracker in which targets were observed in
multiple sub-regions. The stability of these sub-models was  charac-
terized by devising a stable factor which was  modeled as a hidden
variable of Factorial Hidden Markov Model. The factor was  able to
give a confidence degree during inference stage for response score
of every model and also helped in evaluating online training crite-
ria for every deep learning model. This training (online) approach

also enabled acquiring of various local features accurately as com-
pared to fixed training trackers. The weighted Gaussian Mixture
Model under particle filter framework was used to approximate
tracking results to improve computational efficiency. Wang et al.
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194] proposed visual object tracking method using deep learn-
ng technique. The proposed tracking method comprises of offline
raining stage and online tracking stages. They trained a stacked de-
oising auto-encoder(SDAE) offline using unsupervised learning

or generic features which was further transferred to online track-
ng task. Tiny Images dataset was used for offline training. Layer to
ayer training was applied initially and then SDAE was  finely tuned.

 sigmoid classification layer was added to the encoder part of the
rained SDAE during online tracking process resulting in classifica-
ion neural network. The object to be tracked was represented by
ounding box in the first frame. The particles were drawn according
o the particle filter when the first frame arrives. The confidence of
ach particle was activated by making simple forward pass through
he proposed network architecture. Whenever maximum confi-
ence of all particles in a frame falls below a threshold, it indicates
ignificant change in the appearance of the tracked object which
as handled by tuning the whole network again. Researchers had

ften used object appearance models for visually tracking object
n videos. Chen et al. [53] proposed a deep learning framework to
earn discriminative features via a convolutional neural network
CNN) to improve tracking performance. They designed an object
ppearance model using hierarchical feature extraction approach
nd a likelihood function was used to estimate appearance varia-
ion. Finally, a heuristics schema was applied to evaluate whether
pdating of the object appearance model is required or not. Experi-
ents were done on CVPR2013 dataset to prove tracking efficiency

f the proposed method. (Please refer to C2 for pseudo code and
etailed algorithm).

C2: Pseudo Code and Methodology of CNNTracker [53]

Another technique which focused on visual tracking method

ased on deep Network in Network framework was  proposed by
hen et al. [54]. The method learns discriminative features in a data-
riven way automatically and do not rely on engineered features.
puting 70 (2018) 423–464 431

A simple as well as an effective method for transferring generic
and mid-level features learned from deep network for tracking
task was  designed. The drifting problem was  addressed by uti-
lizing samples collected in initial and the most previous frames.
The proposed approach was experimented on CVPR2013 dataset
to evaluate its tracking performance in videos. The method pre-
sented by Zhang et al. [154] applied deep learning driven approach
for block-wise detection of moving objects based on binary scene
modeling. The method developed deep feature representation by
learning a stacked de-noising auto-encoder. Thereafter, the learned
feature representation was  mapped into the binary Hamming
space. Finally, a density analysis based scoring function was  devel-
oped for detection of moving objects. (Please refer to C3 for pseudo
code and detailed algorithm).

The authors of [195] introduced visual tracking system based on
pre-trained Convolutional Neural Network(CNN) for image repre-
sentation and target localization. They initially applied pre-trained
CNN for extracting features for given set of samples on the input
frame and an online Support Vector Machine (SVM) was used to
classify them. The relevant features were back projected to tar-
get for each positive sample. These were determined by examining
SVM parameters through the network to generate saliency map
for bringing out regions to distinguish targets from background.
The target-specific saliency map  was  built by aggregating positive
examples. Sequential Bayesian filtering was  used to perform track-
ing using this target–specific saliency map. A generative model
was shaped from target appearances accumulated in the previ-
ous saliency maps and convolution between appearance model
and target-specific saliency map  was computed by dense likeli-
hood map. The SVM and generated models were updated based
on tracking results of the current frame.
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C3: Pseudo code for Deep learning driven block-wise moving
bject detection with binary scene modeling [154]

Zhang et al. [196] introduced discriminative model using Con-
olutional neural network for object tracking in which image
epresentation and localization of target was done using pre-
rained CNN. Features were extracted using pre-trained CNN for
iven input frame of the video and online SVM(support vector
achine) was trained to classify them. The features relevant to

arget identified by observing SVM model parameter were back-
ropagated for positive samples. These were used to obtain a
aliency map  highlighting regions discriminating target from back-
round. The target saliency map  was developed by aggregating
ositive example saliency map. Sequential Bayesian filtering was
mployed finally to perform tracking using target saliency map
s observational model. They trained CNN with no extra dataset
or performing object tracking. The tracker was made to adapt to
arious dynamic variation of background and object by employ-
ng several iterations of back-propagations. In [197], Zhang et al.
ombined convolutional neural network and random vector func-
ional link network to improve and simplify the visual tracking
erformance of the tracker. The filters in the CNN were fixed and

nitialized randomly. The proposed model did not need any pre-
raining but it only required to train the parameters in the fully
onnected layers. Those parameters were updated using recursive
east squares. There were 100 filters banks in the convolutional
ayer. The image patches cropped from positive and negative sam-
les will act as input.

The convolutional layer used random filters for convolving the
nput. The features were normalized in a feature sliding window

anner by 2D pooling layer. The fully connected layer which is the
ast layer will connect the input and output of the last normaliza-
ion layer with the output neuron. Only translation was  considered
or CNN tracker to increase its efficiency. The target search was  con-
ucted on a Cartesian grid of unit step within a radius of previous
rediction. The prediction position of the object signifies positive
ample and the local image patches that do not significantly over-
ap the prediction resulted into negative sample. Wang et al. [198]
resented some CNN properties with respect to visual tracking and
lso introduced full connected CNN based algorithm which was
re-trained on image classification task. They selected the rele-
ant feature map  by performing feature map  selection process for
iven target on the conv4-3 and conv5-3 layers of the VGG network

Visual Geometry Group). A general network (GNet) was  created on
op of the selected feature maps of the conv5-3 layer which cap-
ures the target category information. A specific network (SNet)
as built on the selected feature maps of the conv4-3 layer to per-
form distinction between the target object from background. In
the first frame, both GNet and SNet were initialized for performing
foreground heat map  regression for the target. A region of interest
(ROI) which centered at the last target location for a new frame was
cropped and propagated through the fully convolutional network.
This leads to generation of two  heat maps which were further used
to perform target localization. At last, disaster detection scheme
was used to decide which heat map  can be used to determine the
final target. A Recurrent neural network(RNN) contains minimum
one feedback connection which enables them to perform temporal
processing and learn sequences. The authors of [199] claim that its
work is the first one to introduce multiple target tracking based on
recurrent neural network. The proposed approach was  divided into
two blocks: state prediction and update, as well as track manage-
ment on one side and data association on the other. The dynamic
model of targets was learned using temporal RNN. The RNN gives
four values as output: vector for predicted states for all targets,
vector defining all updated states, probabilities vector defining the
existence of real trajectory and the absolute difference to the pre-
vious probability. The decision whether target exist depends on
current state, existence probabilities, measurements as well as data
associations in the subsequent frames. The target was captured
using an extra variable whose values is between 0 and 1 to imi-
tates the probability concept where 0 means target does not exist
and 1 means target exists for a particular time instance. The testing
of the approach was conducted on targets for threshold = 0.6.

3.3. Discussion

Table 2 presents a quick summarization and analysis of avail-
able neural network based studies on moving object detection and
tracking. The table defines problem tackled by the study, reasons
for employment of neural network based solution and architec-
ture employed by study together with some important features of
the paper. It can be observed that there is relatively good num-
ber of studies based on unsupervised learning as compared to
supervised learning as studies on self Organized Maps (SOM) and
competitive neural network are widely available. This is under-
standable as impreciseness and fuzziness of real time conditions
is major hindrance in framing effective rule base for segmentation
of foreground objects for supervised algorithms. In addition, sys-

tem has to incur substantial overhead for training of the system
and therefore unsupervised algorithms clearly have an advantage.
Although the solutions offered by neural networks were apprecia-
ble but with advent of deep architecture and deep learning, focus
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Table  2
Summary of neural network based methods for object detection and tracking in videos.

Problem Statement/ Paper Why  Neural Network? Approach Strong/weak points

Neural Network based detections
Conditions like illumination changes,

random noise affects detection
process.

22 Neural network can be used for object
classification because it is proven efficient tool
for  classification.

Feed-forward
Network

Provides faster and better results than
traditional BS as complex background
generation wasn’t required.

Movement and vibration of camera
leads to noisy images making
detection process complicated task.

23 The match and estimation task of Kalman filter
can be assigned to MLP  which can be trained
using back-propagation algorithm.

Multi-layer
Perceptron

The proposed approach made
detections of object accurately than
traditional approaches.

Sudden illumination and background
changes affect learning of new
scenes quickly and accurately.

24 Multimodal background could be represented
by  Unsupervised Competitive Neural
Network(CNN).

Unsupervised CNN The shadow detection method can be
integrated in the proposed work to
improve its performance.

Dynamic lighting, shadow and non
static background lead to ineffective
detection outcome

25 Integration of NN approach with Bayesian
Classifier can help in reducing error and
increase efficiency of system.

Feed-Forward
Neural with
Bayesian classifier

Proposed approach showed
improvement in segmentations as
compared to probabilistic approach.

Conventional Neural Network is
unsuitable for real time applications
due to long training time.

26 CNN is applied to perform parallelized object
segmentation in complex real time video
sequence.

Unsupervised CNN The approach was parallelized on a
pixel level and designed to enable
efficient hardware implementation.

GMM  was  not able to capture intrinsic
directionality of data at high
computational cost.

27 Uses of dipoles in CNN effectively capture
intrinsic directionality of data at low
computational cost.

Dipolar CNN Provided stable performance which
makes it suitable for implementation
in real world environment.

Standard detection method suffer from
problems like spurious blobs,
occlusion, annoying noise etc.

28 Self Organizing maps(SOM) is capable of
handling such problems and detect anomalous
object in videos.

Self Organizing
Neural Network

The proposed work was
computationally expensive.

It  is very difficult to model complex
environment

31 Visual attention mechanism can help in
detecting human behavior features based on
3D  self-organizing network.

3-D Self Organizing
neural network

Stationary cameras resulted in
gathering of imprecise and inaccurate
information.

Self  Organizing BS works fine with
dynamic background but requires
manual updation of parameters.

32 Dynamic Retinotopic Self Organizing neural
network approach can be used to adapt its
learning parameters based on scene behavior.

Dynamic
Retinotopic SOM

Adjusting parameters automatically
rather than predefining manually
made it suitable for real time scenarios.

Critical  situations such as illumination
changes, random noise affects the
detection process.

33 Self Organizing BS can deal with critical
situations by generating background
automatically without prior knowledge about
involved pattern.

Self Organizing
neural network
approach

The proposed approach worked well
with critical situations such as
illumination changes.

Traditional approaches cannot handle
severe illumination changes,
stationary objects etc.

34 Temporal modular self-adaptive method
allows system to handle various critical
situations that leads to improve system
performance.

Temporal modular
self-adaptive SOM

Approach was  able to handle problem
such as drastic changes in environment
and separately dealt with various
segmentation issues

Insufficiency of SOM based BS fail to
accurately detect object in dynamic
environment

35 NN offers advantages such as parallelism,
learning, adaptivity that can be exploited for
smoother classification.

3dSOBS+ algorithm The proposed approach was able to
achieve very accurate definition of
dynamic object.

Template matching scheme for
Pedestrian detection in crowded
group gives imprecise & inaccurate
results

36 BS algorithm with Back propagation algorithm
is  able to detect pedestrians from crowded
group of people accurately.

Back propagation
algorithm

The proposed approach effectively
counted pedestrian from video
sequence images and provides
flexibility to support complex actions.

Insufficiency of traditional pedestrian
detection system builds uncertainty
in classification task

39, 40 Deep learning based Convolutional Network
can improve overall performance by
optimizing most stages of traditional
pedestrian detection pipeline

Convolutional
Neural network

The results of classification modeling
decreased by applying convolutional
neural network approach.

Object classification is challenging due
to factors such as object size,
occlusion, scaling, lightening etc.

41 The system is able to classify object in video
accurately by incorporating Tensor features
along with SIFT using Deep Neural Network.

Deep Neural
Networks

The system can be proficiently used for
classifying object in videos.

Fast  and accurate object motion
detection pose a big challenge for
applications such as surveillance,
vehicle navigation etc.

42 A system based on Growing Competitive
Neural network capable of representing
motion under time constraints.

Growing
Competitive Neural
network

The system was able to meet a set of
requirements such as time constraints
management, robustness, high
processing speed and
re-configurability.

BS  based on low level or hand-crafted
features leads to ineffective object
detection outcomes.

43 BS algorithm based on spatial features learned
with convolutional neural networks was
proposed to increase system efficiency.

Deep BS with
Convolutional
neural network

The proposed approach achieved
promising detection accuracy and
detected objects when scene specific
knowledge was considered.

Neural Network Tracking
Classical competitive neural network

approach cannot manage variable
number of objects

44 Growing competitive neural network can
model uncertainties by generating new
process units (neurons) when needed to get a
better representation.

Growing
competitive neural
network

With a reliable tracking algorithm,
system was able to determine whether
there are suspicious/dangerous objects
or not.

Difficulty in modeling dynamic
trajectories by mean shift trackers.

45 Able to model dynamic trajectories and
improves tracking performance By integrating
mean shift trackers with radial basis neural
network.

Mean-Shift Radial
Basis Function NN
tracker

The proposed tracker was able to track
more than two  objects simultaneously.

Deviation of objects from original
positions led to failure of traditional
approaches in real time situation.

46 CNNs learn both spatial and temporal features
jointly two  adjacent frames to overcome
deviations.

Convolutional
Neural Networks

Handling occlusions of objects in
frames was  real challenge and
limitation.

Learning process of traditional NN is
intensive and requires several hours.

47, 48 Robust object tracking algorithm using fast
learning RBF networks gives a wider scope for
modeling objects using neural networks.

Radial Basis
Function network.

The proposed tracker is suitable for
real time applications due to its low
computational cost.
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Table 2 (Continued)

Problem Statement/ Paper Why  Neural Network? Approach Strong/weak points

Conventional tracking algorithms fail
under rapid illumination variation,
appearance changes.

49 Online learning neural tracker (OLNT) adapts
parameters of radial basis function network to
handle changes in object/background
dynamics.

Radial Basis
Function network.

Required smaller computational effort
but major limitation was its inefficacy
to track fast moving objects.

PTZ  operation, low camera quality,
moving background motion blur,
affect accurate multiple object
detection in CCTV footage.

50 False detection pertaining to critical situation
is eliminated by exploring heterogeneous
training data and data augmentation using
convolutional neural network.

Convolutional
Neural network

The proposed approach was found to
be effective and robust for both
original and blurred content, as well as
challenging action scenes captured in
CCTV videos.

Use  of Traditional classifiers and
features can distinguish between
object categories but faces difficulty
in tracking task

51 Deep learning is able to extract representative
features for images by training a pedestrian
classifier for classification of persons in videos.

Convolutional
Neural network

The method was able to achieve better
performance in classification and
recognition than support vector
machine.

Various unreliable situations such as
occlusion make it difficult to model
trajectories.

52 Deep learning approach can be applied to
achieve better tracking performance by
integrating multiple sub-region observation
models.

Regional deep
learning

Deep learning based trackers gave
better and stable performance by using
hidden variable of Factorial Hidden
Markov Model.

Definition of hand-crafted features
requires expert knowledge and time
consuming manual adjustments.

53 Deep convolutional neural network can learn
discriminative features automatically.

Deep convolutional
neural network

Online training with a multi-layer deep
modeling is more powerful than
tracking using handcrafted features
and shallow models.

Conventional tracking method isn’t
able to handle object appearance

54 Visual tracking method via deep Network in
Network (NIN) can solve object appearance

g mo
matic

Deep Network in
Network (NIN)

The performance was better than as it
could develop robust object
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variations in modeling complex
dynamic trajectories.

variation problem by learnin
discriminative features auto
data-driven way.

f researchers is eventually shifted towards exploration of such
pproaches to tackle challenges posed by detection and tracking
nvironments. It is clear from number and results of studies that
uccess of such studies had increased considerably. This is because
f the fact that deep network based systems are able to success-
ully adapt to challenges like motion blurring, scale changes etc
nd can provide efficient classification results also [39–41]. It can
e concluded by inspecting results (attribute based analysis) of
eep learning based approach that performance of deep learning is
uiet appreciable for following challenges/attributes: illumination
ariation, deformation, out-of-plane rotation, background clutter,
cclusions and scale variation. The performance of deep learning
s favorable for attributes like motion blur, fast motion, in-plane
otation and out-of-view but its performance is really demanding
hile handling low resolution attributes. According to precision

nd success plot (quantitative analysis) of related studies, deep
earning approaches achieves overall good performance than state-
f-the-art methods as observed in overall experiments reported for
racking and detection in videos. The results indicate that success
f deep learning based method is still a challenge in low quality
r noisy images and comparable results can also be obtained with
ther tracking mechanisms [52,53]. It is observed that majority of
bject detection and tracking studies in videos apply traditional
onvolutional neural network which learn spatial features from
ingle images. Unfortunately, this feature makes it difficult for deep
earning to achieve remarkable performance in this domain using
NN. It is envisaged to apply 3D CNN [55] in the future to carry
ndings because it has the capability to learn features of videos
irectly. In the future, researchers can explore other deep learn-

ng methods such as Convolutional restricted Boltzmann machine
earning [190] for improving performance of object tracking in
ideos. Recent attempts like use of RNN [198] are also expected
o be future candidate for triggering research in this direction. To
ummarize, deep learning is one of the novel frontiers which has the
apability to improve performance of object detection and track-
ng in videos and a number of studies in this direction are expected

n coming years. There is room for further improvement despite
he presence of promising results in this domain. Further, research
nvestigation for deep learning can be to explore field of medicine
o develop object detection and tracking algorithms using suitable
st
ally in a

appearance models by effectively
learning and transferring highly
general NIN features.

architecture. Improvement in computational complexity for deep
learning networks is another area that can be targeted. There is
need to focus on development of algorithm for real time applica-
tions and learning better feature representation approaches using
deep learning. Another possible future direction can be to include
implementation and testing of various other soft computing tech-
niques in deep learning model and determine most efficient one to
perform detection or tracking task. Combination of deep learning
with evolutionary techniques to overcome challenges like over-
fitting, dropout to avoid co-adaptability, unsupervised pre-training
for weight initialization can also be exploited.

4. Fuzzy logic based approaches

Fuzzy sets can work in situations with imprecise information
as is the case of detection of object in real life situations. Fuzzy
sets have the capability to simulate human reasoning for modeling
imprecise concepts. Researchers choose fuzzy logic because it is
well calibrated with information which cannot be easily quantified
or modeled. Since there is always fuzzinees involved with com-
puter vision because of cameras or real life environments therefore
writing precise mathematical models for vagueness in real life envi-
ronment is not practical. Fuzzy logic efficacies have been largely
exploited by researchers over years to propose solutions for detec-
tion and tracking of objects in videos and few of them have been
summarized here. The basic structure followed for their organiza-
tion is shown in Fig. 6. Object detection and object tracking based
studies have been grouped separately for better understanding.

4.1. Fuzzy logic based detection approaches

Authors of [56], Kim et al. had utilized clustering-based fea-
ture, called fuzzy color histogram for background subtraction in
dynamic texture scenes. In their work, background subtraction was
done by calculating similarity between observed and model Fuzzy
Color Histogram features, renewed by online update procedures.

Baf et al. [57] made use of Type-2 Fuzzy Mixture of Gaussians Model
(T2-FMOG) which was first proposed by Zeng et al. [58] to han-
dle higher uncertainty levels/parameters present in multimodal
environment in standard Gaussians Mixture Model(GMM) method.
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Fig. 6. Summary of fuzzy logic based

uthors had presented two algorithms: T2-FMOG-UM to handle
ncertainty over mean and T2-FMOG-UV for handling uncertainty
ver variance and had tested methods over indoor and outdoor
ideos. Bouwans et al. [59,60] had utilized type-2 Fuzzy GMM  to
epresent background in order to improve performance and accu-
acy of standard background subtraction model. In [59] the authors
ad considered color features for detection of foreground object.
hey had taken three component color features from chosen color
paces of Ohta, HSV, YCrCb etc. A lambda fuzzy measure was  used
o compute fuzzy measures of all subsets of criteria. The foreground
etection was  made independently in each dimension and the color
imilarity measure was aggregated using Fuzzy Choquet integeral
alculated in different dimensions. The choque integeral for each
ixel was computed by rearranging the pixel in each set. The pixel
as considered as foreground if its choquet integeral value is less

han a certain threshold. Fuzzy adaptive background maintenance
or modeling background was applied in which Choquet integeral
esults were used in the background maintenance update rule. In
60], type-2 FGMM-UM (uncertain mean vector) and type-2 FGMM-
V(uncertain variance vector) for modeling background of RGB
ideos was used. The means were only estimated as variance and
eights remains unstable during GMM  maintenance. During train-

ng of Type-2 FGMM,  GMM  parameters were estimated using EM
lgorithm. The foreground detection was done by ordering of K-
aussians which assumes that background pixels correspond to
igh weight with a weak variance. Therefore, the Gaussian dis-
ribution exceeding a threshold was considered for background
istribution and others represented foreground distribution. Log-

ikelihood was used to perform matching with incoming frames
f videos. The pixel was classified as background if it belongs to
aussian distribution identified as background and otherwise it
as classified as foreground. Yao et al. [61] devised interval type-2

uzzy logic system for improved silhouette extraction in dynamic
eal world environment. The input and output of fuzzy logic system
as represented using interval type-2 fuzzy sets. The source images
ere captured using stationary cameras and were analyzed using
MM for foreground detection. The detected foreground by GMM
as then partitioned into n*n blocks and then Global nearest neigh-

or was used to perform human tracking. Moving objects from
uman silhouette was detached based on partitioned foreground
nd obtained human centroids.

Zhang et al. [62] applied color and texture features to calculate
imilarity measure between current and background pixels. These

imilarity measures were then aggregated by applying Sugeno
ntegral while Baf et al. in [63] had used Choquet integral for
ggregation of same features to handle uncertainty in classifica-
ion or localization of pixels. A fuzzy adaptive maintenance rule
t detection and tracking approaches.

was proposed to handle uncertainty of the classification. Two  more
foreground detection methods using Choquet integral were pro-
posed in [64,65] where as foreground detection using Sugeano
integeral gained less attention as one of the difficulties related
to this fact was  that measurement scale assumed by Sugeano
Integeral was ordinal [66,67]. Balcilar et al. [68] has worked on
detection of moving objects from traffic surveillance video frames.
They had also used fuzzy Background Subtraction algorithm using
choquet integeral to detect and eliminate uncertainties present in
conventional Background Subtraction algorithm. Low rank weigh-
tage and fuzzy aggregated multi-feature similarity method was
applied by Gayathri et al. [69] to detect moving object in dynamic
environment. They had employed both Sugeno and Choquet inte-
gral to detect fuzzy similarities from ordered similarity function.
A Fuzzy Color Difference Histogram Based Background Subtrac-
tion approach was introduced by Panda et al. [70] for detection
of moving objects. The method applied color difference histogram
(CDH) in the background subtraction algorithm by computing
color difference between a pixel and its neighbors in a small
local neighborhood. They utilized Fuzzy c-means clustering and a
c-dimensional histogram to propose a fuzzy color difference his-
togram. The background for the proposed approach was  modeled
using first frame of the video and was updated using features calcu-
lated from the current frame(Please refer to C4 for pseudo code and
detailed algorithm). The similarity between the current frame and
the FCDH of the background model was measured by histogram
intersection which was  binarized further to classify pixel choosing
appropriate threshold. The most relevant contribution of color dif-
ference histogram was that it was able to reduce errors that occur
due to non-stationary background, rapid illumination changes and
camouflage. The results of approach were tested on various com-
plex scenes of some benchmark publicly available video sequences.

Fuzzy component based object detector was proposed by Iqbal
et al. [71] for object detection. The aim was  to design fuzzy geo-
metrical configuration classifier to select candidates for object
components that satisfy constraints put on by geometrical model
of object and have a reasonable appearance match with respective
components. Multi-level Gaussian pyramids were applied on each
test image to decompose them. Human-centric hybrid fuzzy clas-
sifier proposed in [72] was  applied to each level in the Gaussian
pyramid to generate candidate for all the components. Multiple
candidates are retained and passed on to the fuzzy geometrical
configuration classifier along with the appearance match scores.

The appearance match scores were computed from individual
component detectors for each candidate using fuzzy geometrical
configuration classifier and further combined with the geomet-
rical model of the object computed during the training phase.
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he devised method was immune to occlusions. Application of
uzzy rule-based classification scheme on moving blob regions for
uman motion detection in videos was introduced by Balakrish-
an et al. [73]. Fig. 7 depicts its complete methodology in which a
ackground model was developed and classification features were
xtracted in RGB color space. Chromaticity and brightness dis-
ortions features were used for classification of background and
oreground. Morphological operations and blob identification were
wo tasks of preprocessing stages along with use of median filter
or removal of noise. Features of blobs were extracted and fed to
ule based classification engine to classify extracted major blobs.
xperiments were carried out on PETS2006 Database to evaluate
fficiency of this approach. Another fuzzy rule-based technique

sed for detection and classification of changing regions in out-
oor videos was adopted by Zeljkovic et al. [74]. The input patterns
ere extracted from the low-level description defined using MPEG-

 edge histogram descriptor. 80-bin histogram was used by this
escriptor for representing the local distribution of directional and
on-directional edges. They partitioned every video frame into
6 sub-images which were classified using fuzzy rule base sys-
em. They utilized multiple features to define a fuzzy function
or approximation of every learning function with fixed rules for
etecting target objects. The fuzzy classification system consists of

hree stages: Fuzzification, inference and defuzzification. During
uzzification stage, the feature values are transformed using mem-
ership function from continuous domain to discrete domain. The
lass for these features was detected during inference stage by com-

Fig. 7. Fuzzy inference System used for Fuzzy Rule-based Cla
puting 70 (2018) 423–464

bining fuzzy sets and fuzzy rules using T-norm operator. T-norm
operator was used if a class appears in more than one rule. Defuzzi-
fication was finally applied to convert the results from fuzzy domain
to real domain. Therefore, the final outcome was decided by adding
the number of sub-images classified as building in single frame.
They performed experiments using video test corpus of TRECVID
forum to test their system. A set of geometrical extraction algo-
rithms for developing behavior patterns was  proposed by Arguedas
et al. [75]. A behavioural fuzzy classifier was designed using type-1
and type-2 fuzzy logic to categorize behavior patterns into pre-
defined semantic categories. The surveillance media management
framework was proposed by authors to evaluate behavioral fuzzy
classifiers against binary classifiers and behavior features against
conventional appearance features. The algorithm was validated on
AVSS 2007 surveillance dataset.

C4:-Pseudo Code for utilization of Object Detection using
fuzzy color histogram [70]

A major challenge faced by the researchers is to detect and track
objects in presence of rapid illumination changes. In this respect,
Milanesi et al. [76] performed a classification based on fuzzy logic
to identify moving regions that corresponds to unexpected objects
in the scene after preliminary analysis and clustering of tempo-
ral changes in video sequence. They presented proposed approach
using a three step strategy. Former, they performed change detec-
tion by taking into account the differential change between current
frame and previous frame and absolute change between current

frame and reference frame against threshold value. If this value
exceeds a threshold then change point was labeled. This thresh-
old value was computed based on the local average and standard
deviation of the samples extracted with the mask. In the next step,

ssification of Human Tracking and Segmentation [73].
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racking was performed based on three consecutive frame i.e. previ-
us, current, and next, further correspondence between bounding
oxes was determined using minimization of an appropriate cost
unction. At last, the tracked changed regions were distinguished
rom geometrical regions and from other type of regions using two
arameters i.e. weight ratio and morphological index by defining
emantic rules based on fuzzy logic. The membership function was
etermined by statistical analysis of the input linguistic variable.
he proposed approach was evaluated on grayscale videos captured
y a low quality webcam and a digital camera of good quality. Event
etection and annotation of soccer game video on broadcast was
one by Hosseini et al. [77] with help of fuzzy rules. This method
resented a fuzzy rule-based classifier which applied statistical

nformation obtained from set of audiovisual features and produced
emantic concepts corresponding to the occurrence of events. The
raining data was used to derive continuous feature vectors based
n discretization and fuzzification information. A decision tree was
onstructed to extract hidden knowledge among tuples and corre-
ation between features and related events. A traversal of decision
ree generated set of required fuzzy rules which were employed by
uzzy inference engine for decision making. Tests were completed
n broadcast soccer game videos to demonstrate performance of
he proposed method. A hybrid approach for human action detec-
ion was introduced by Vats et al. [78] that combined computer
ision as well as fuzzy set theory benefits. The proposed work was
ased on Bandler and Kohout’s sub-triangle product. The object
indow for given input video sequence was  represented as a

ovariance matrix of features. The hybridization was performed
n the tracking output in which covariance tracking algorithm
as modified to perform part-based human motion tracking. The

uzzy qualitative translation states were used to represent the
igid motion of each body part. The semantic relationship between
uman and action was defined in terms of early detection of human
ctions. A frame-by-frame membership function for each kind of
ossible movements was constructed and detection of target was
riggered when a pre-defined threshold was attained in a suitable
ay. They experimented on videos from Weizmann human action
ataset. Ghasemi et al. [79] proposed a novel combination of fuzzy

nference system and Dempster–Shafer Theory for the purpose of
egmentation of brain MRI  images where the pixel intensity and the
patial information are used as features. In the proposed modeling,
he consequent part of rules is a Dempster–Shafer belief structure.
uzzy Naive Bayes method were employed for calculating the basic
robability assignment of focal element and dempster’s rule was
sed for aggregation of FIS.

.2. Fuzzy logic based object tracking approaches

Object tracking is one of the most critical tasks in video analy-
is applications. Two types of filters namely particle and Kalman
re very commonly used to track object over frames in videos.
alman filters are linear quadratic estimator and have low com-
utational requirements. The particle filter provides a better way
o track object as compared to Kalman filter. The Particle filter
an be employed if system is not linear and changes with time.
alman filter predicts current state from previous using system
odel and sensor observations. Particle filter generates different

tates randomly and assigns weights to those states according to
vidence. States with fewer weights are discarded and new states
re again added randomly. The Particle filter shows more promising
esults than Kalman filter because it provides supports for multiple
redications to recover from lost tracks which make way for accu-

ate tracking of complex object motion. However particle filter has

 tradeoff between computational cost and system precision i.e.
ncrease in number of particles also leads to increase in computa-
ional cost and vice versa. In order to handle these problems fuzzy
puting 70 (2018) 423–464 437

based Particle filter [80] was proposed. The method performed
modeling of uncertain variables with imprecise knowledge using
fuzzy set theory. A number of fuzzy based particle filer trackers
have been proposed in recent past and few are summarized in this
section.

The authors in [81] proposed a fuzzy set theoretic particle fil-
ter approach for tracking multiple objects in varying illumination
conditions for video surveillance application. They used adaptive
Gaussian mixture model for modeling pixel at a particular loca-
tion of the video frame. The probability distribution was estimated
using weighted samples in particle filter. The randomly generated
particles with uniform sets were used as initial set. Fuzzy based
color histogram was  used to establish one to one correspondence
between frames for tracking in multiple object scenarios. After
the object detection, its corresponding features such as area, cen-
troid, etc. were calculated. The first location detected as foreground
object was  considered to initialize the search in following video
sequence. The variations in the object detected area were captured
using rate of change of elliptical major and minor axis. A fuzzy
similarity measure was used to perform measurement in feature
space. They initiated tracks based on the computed object area. The
states for multiple moving objects were updated based on fuzzy
color histogram and fuzzy distance measure. In order to tackle sys-
tem precision, various fuzzy techniques were constructed for color
feature association. Finally, computation cost was  also taken care
of because color space and fuzzy c-means mapping were calcu-
lated prior to tracking. An adaptive fuzzy particle filter method was
developed by Varcheie et al. [82] to track objects captured by PTZ
camera. They modeled whole process as a servo control system
which consists of five main blocks: initialization, object captur-
ing, target tracking, position prediction and camera control. Optical
flow was incorporated to detect moving objects. Initially targets
are extracted at the initial pan, tilt angles and zoom, which was
further considered as input to the fuzzy based target tracker. Fuzzy
classifiers were used to determine output defined in terms of pan
and tilt angles of the camera. Fuzzy membership functions were
used to weight particle filter samples and were later applied to geo-
metric and appearance features. Object modeling and tracking was
achieved based on sampling around a predicted position obtained
by a position predictor. This approach is used for video surveillance
applications such as video conferencing and tracking a speaker dur-
ing presentation. However it worked well only for smaller objects
and can handle short term occlusions based on assumption that
object stays in changing field of view.

Fuzzy Particle filter integrated with classical Monte Carlo algo-
rithm was  proposed by Lin et al. [83]. This approach could estimate
a posteriori distribution of the target state to enhance robust-
ness of tracking in rapid illumination changes conditions. Fuzzy
based video sequence motion tracking has been proposed by Garcia
et al. in [84]. The method composed of three phases: segmentation,
tracking and analysis which were based on fuzzy logic technique to
facilitate working with permanency value uncertainty due to image
noise. During segmentation phase, fuzzy bi-dimensional rectangu-
lar regions were used to evaluate identical features between targets
along image sequence. In tracking phase, association between dif-
ferent fuzzy regions was  performed in every image over time.
Lastly, analysis phase was  used to describe motion throughout a
video sequence. During segmentation and tracking phases, possi-
ble errors that appear were corrected by fuzzy logic which provided
a means of handling uncertain data. An optical flow based tracking
algorithm and stereo vision in conjunction with fuzzy control to
track object in the 3-dimensional space was proposed by Parrilla

et al. [85]. This scheme has used optical flow algorithm for per-
forming 2D tracking of the targets in a video sequence. The adaptive
filters were employed to predict velocity values. Fuzzy controller
was applied to amalgamate the velocities computed by optical flow
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lgorithms and adaptive filter was used to predict object movement
nd approximate its trajectory when object disappears in video
equence. The input to the fuzzy controller was the absolute value
f the difference between the velocity calculated by optical flow
nd velocity predicted by the adaptive filter. The other input was
inary variable indicating the velocities calculated and estimated

n previous frame. Fuzzy rules were framed by setting output vari-
ble high only for selecting the velocity calculated by optical flow
hen there is no occlusion and target is in the output of the obsta-

le otherwise output variable will be low for selecting the velocity
alculated by adaptive filter. They employed center of sum method
or calculating the output. Finally, when the targets were tracked
n both the sequences then the 3D velocity of the object was calcu-
ated by triangulation principle. Another work using fuzzy particle
lter was presented by Yoon et al. [86] in which adaptive model was

mplemented to improve performance of object tracking algorithm.
he adaptive model comprises of two models: Adaptive AR model
sed as a state transition model and appearance mixture model
eing used as observation model. These adaptive models were not
ble to make optimal parameters when the state of a tracked object
hanged suddenly. To overcome this problem, fuzzy particle filter
ith fuzzy noises was applied to manage uncertainty in various
oise models. Experiments were carried out on video sequences
aptured by camera in a vehicle under different environmental
onditions. Liang-qun et al. [219] proposed visual multiple object

racking based on fuzzy logic approach. They incorporated fuzzy
nference system for data association in multiple object tracking
esigned using fuzzy if-then rules. Rules were proposed for deter-
ining the fuzzy membership degree that substituted association
robabilities between object and detection response (Please refer
o C5 for pseudo code and detailed algorithm). The track-to-track
ssociation based on fuzzy synthetic was proposed to deal with
ragmented trajectories. The efficiency of the proposed approach
puting 70 (2018) 423–464

was evaluated on public datasets and also showed its ability to
minimize the number of fragmented tracks.

A similar investigation was carried out on fuzzy particle fil-
ter for detection and tracking of various people based on color,
stereo vision and fuzzy logic by Paul et al. [87]. They employed
two fuzzy systems to filter out false positives of a face detector.
The scheme evaluated whether the detected face has high pos-
sibility of the person to be tracked. In the next step position of
person was  calculated and occlusion map  was  updated. In case of
non detection of any face fuzzy logic based particle filter was initi-
ated which generated a sample set around the position of the object
that was found and measured and weighted each sample based on
this observations. New states were calculated further and weights
were updated along with updating of occlusion map. This resulted
into better tracking performance even when color information or
stereo information was  confusing in the reference camera image.

A fuzzy-controlled Kalman filtering scheme was proposed by
Fernandeza et al. [88] for stereo visual tracking in videos. In this
method, authors had designed two levels, firstly, a fuzzy methodol-
ogy was  introduced to estimate the plant noise covariance matrix
over time instant to allow alteration of the filter to actual condi-
tions; and secondly, fuzzy control stage based on a fuzzy feedback
system was  applied in those cases where a lost track was  used to
reinitiate the filter. The fuzzy inference was employed in a stereo-
vision tracking system to adapt the gain of a Kalman filter by
changing the process noise for actual conditions.

C5:- Online multi-target tracking based on fuzzy logic data
association [219]

Optical flow [89,90] is one of the popular moving objects track-
ing algorithm for videos. But major challenge for researchers was
removal of incoherent optical flow field. In this respect, Bhat-

tacharyya et al. [91] proposed fuzzy hostility index to segment
optical field for high speed target tracking in real time videos. In
this method, the image frames are extracted from video sequence
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hich was stored as bitmaps for optical flow computations. Then
he optical flow between initial two frames was calculated to show
ariation in intensity structures between the frames. In the next
tep, flow of region of interest was determined by employing
ixel hostility index. A thresholded optical flow field at a hostility

ndex=0.5 was used. Regions were regarded as incoherent hav-
ng fuzzy hostility index value greater than 0.5 and were filtered
ut from the flow field. A maximum density optical flow region
as detected to find point of interest on the moving object to be

racked. The neighborhood of a predefined size for the point con-
titutes the region of interest (ROI) for operation in the subsequent
rames. Therefore, tracking of the moving object will be shifting
he region of interest with respect to optical field calculated around
he detected point of interest in the subsequent frames. With many
esults from three sequences of video of high speed flying fighter
ircrafts, it was demonstrated that method was effective for high
peed target tracking in real time. The computation budget of opti-
al flow field was reduced significantly. Three-dimensional feature
nd a fuzzy membership distribution composed of membership
alues was proposed by Kim et al. [92] to boost tracking perfor-
ance of moving objects in videos. The proposed method consists

f three parts. The first part was gate control to provide the location
f the target by employing the predicted position of the tracking
lter. The gate window was set as validated region for target extrac-
ion. The second part was concerned with preprocessing focusing
n feature extraction from targets and distinguishing the targets
rom background noises. The features extracted during preprocess-
ng were used for motion information estimation for the desired
argets. Centroid estimation algorithm was used to determine the
elative motion of the object using segmented target. The tracking
lgorithm outturned with tracking information such as predicted
osition and velocity of the target which was further put into to
he gate control part for validated region setting. The authors pre-
ented state of the art results on various infra-red image sequences
nd CCD image sequences.

.3. Discussion

Table 3 enlists various studies that had employed fuzzy logic
rinciples for detection and tracking of moving objects in videos.
he table specifies problem being targeted by these studies in first
olumn. The table also lists reasons of why and how fuzzy logic
as able to propose a solution for specific problem. The architec-

ure employed by the study is also listed. Strong or weak points of
tudy are also portrayed that can help in guiding future research.
uzzy based approaches such as Type-2 fuzzy Mixture of Gaussian,
uzzy color histogram, fuzzy classifiers, fuzzy particle filters, fuzzy
alman filter etc. has been effectively applied in numerous ways

or object detection and tracking in videos. One can notice from
tudies listed in survey that fuzzy approaches are successful in han-
ling uncertainty that is present in each and every level of object
etection and tracking process in videos. The primary factor that

nspires researchers to apply fuzzy approach in the domain of object
etection and tracking in videos is their capability and flexibility to
dapt to different types of uncertainties. The poor performance of
onventional mathematical operators such as AND, OR, etc used for
ggregation of rules for making pixel classification decisions has led
o demand for utilization of fuzzy integrals [62–65] to improve crisp
ecision problems. Gaussian mixture model is one of the popular
pproaches applied in the domain of object detection and tracking
n videos. They usually apply expectation-maximization algorithm
o estimate parameters from training set but the performance of

aussian Mixture model gets deteriorated because parameters are
ounded by uncertainty. In order to handle such type of uncer-
ainties, type-2 fuzzy Mixture of Gaussian models [57,59,60] were
eveloped. Type-2 fuzzy based Gaussian mixture modeling solu-
puting 70 (2018) 423–464 439

tions has been very popular to handle high degrees of uncertainty
as required in applications like surveillance. For object tracking
problem, solutions based on fuzzy particle filter have clearly out-
played standard particle filter and Kalman filter based methods.
Fuzzy particle filters [80,86,87] were developed to generate balance
between system precision and computational cost in the particle
filter framework. Divergence problem is regarded as the primary
limitation with respect to Kalman filter which leads to limit their
applicability for object tracking in videos. Therefore fuzzy inference
system has to be integrated in Kalman filter [88] to solve diver-
gence problem. Despite the progress made so far by fuzzy logic
in numerous applications such as traffic/video surveillance, traf-
fic monitoring, etc more efforts are required to apply fuzzy logic in
highly uncertain situation for object detection and tracking applica-
tions such as faster detection of crime. Research is needed to reduce
computational overheads associated with fuzzy logic and develop-
ment of fuzzy datasets for object detection and tracking in videos.
Another field that could also inspire studies in fuzzy logic is auto-
matic generation of rules and membership functions from input
data for fuzzy inference engines as used by researchers [93,94].
Although object detection based studies are not available but stud-
ies in domain of electrical and computer networks are available
from where inspirations could be drawn to benefit studies in field
of object detection and tracking.

5. Evolutionary algorithm based approaches

Optimization is the process of devising an approximate solu-
tion to specific problem subject to certain constraints for which
finding an exact solution is not possible or too time consuming.
Based on the nature’s analogy, several optimization approaches
have been developed. Object detection and tracking applications
utilizing evolutionary algorithm based solutions tend to formulate
detection and tracking problem as an optimization problem and
then use any nature inspired algorithm to solve it. There exist a fair
number of such approaches for detecting objects in videos in the
literature. Techniques like Genetic Algorithm [95], Particle Swarm
optimization[96]; Simulated Annealing [97], etc. are natural candi-
dates for such applications and have been widely used in proposing
good solutions using some aspect of object detection and tracking
problems. This section discusses growth of such studies in field of
object detection and tracking.

5.1. Evolutionary algorithm based object detections

The use of an entropy based simulated annealed background
subtraction method for target extraction and detection in videos
was performed by Karasulu et al. [98]. They used concept of
simulated annealing for performance optimization of traditional
background subtraction method and framed detection of objects
as an instance of p-median problem. The framed problem was
then handled using image entropy and a new background sub-
traction algorithm based on simulated annealing was proposed.
Their work showed that entropy based simulated annealed back-
ground subtraction method provides better results as compared
to regular background subtraction algorithm(Please refer to C6 for
pseudo code and detailed algorithm).This is rarest of work in which
entropy based exploitations have been used with soft computing
techniques for detection of objects. The study has demonstrated
promising results as compared to standard background detection
method when tested on CAVAIR dataset.
Kim et al. [99] proposed distributed genetic algorithms, in which
population of chromosomes mapping to video frames were used
to perform video segmentation. The initialization of chromosomes
was based on segmentation results of the previous frame gener-
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Table 3
Summary of Fuzzy Logic based methods for object detection and tracking in videos.

Problem Statement Paper Why  Fuzzy Logic? Approach Strong/weak Points

Fuzzy Logic
Difficulty in suppressing dynamic

textures in background effectively
56 Fuzzy Color Histogram has ability to minimize

color variations generated by background
motion.

Fuzzy color
Histogram

No estimation of parameters was
required.

Gaussian Mixture models (GMM)  have
limited capability for modeling
uncertainty.

57, 59, 60 Type-2 fuzzy GMM  offers capability to handle
higher dimensions of uncertainty resulting in
smoother classification result

Type-2 fuzzy GMM  The proposed approach was more
robust for rapid variation of
background.

Type-1  fuzzy system cannot handle
uncertainties using membership
functions and lead to
misclassification outline

61 Interval Type-2 Fuzzy logic system can deal
with high uncertainties and reduce
misclassification of extracted silhouette.

Interval Type-2
Fuzzy logic

Type-2 Fuzzy logic system handled
part of background challenges and
extending it for automatic learning
made it suitable for real time dynamic
environments.

Critical  situations confuse belongings
of pixel to background or foreground.

62 Sugeno integeral is applied in foreground
detection for better classification of pixels.

Fuzzy Integral The limitation of Sugeno integral was
that it assumes measurement scale to
be ordinal.

Uncertainty in classification of pixels
and imprecision in localization of
moving object causes false
classifications.

63, 64, 65 Choquet integeral can be applied for
foreground detection and adaptive fuzzy
background maintenance approach may  help
in  achieving smoother classification

Fuzzy Integral The fuzzy adaptive maintenance rule
provided a means of handling
uncertainty in a natural way.

Conventional Background subtraction
algorithm cannot handle
uncertainties of environment.

68 Fuzzy BS algorithm using choquet integral can
eliminate uncertainties present in traditional
BS.

Fuzzy BS with
Choquet integral.

The proposed scheme effectively
improved object detection
performance.

Dynamic and challenging background
conditions causes difficulty in
detecting moving object in videos.

69 Sugeno and Choquet integrals were
incorporated to model dynamic environment.

Low rank
weightage and
fuzzy aggregated
multi-feature
similarity

The scheme worked well for dynamic
environment but the computation cost
was  high.

Issues like occlusion, variations in
pose, in and out of plane rotation and
poor illumination accounts for
problem in object detection.

71 Fuzzy component based geometrical model
can acknowledge situations like occlusions and
poor illuminations

Fuzzy classifiers Impressive results were obtained for
specific class of objects i.e. face and can
be extended to any other class of
objects such as pedestrians and
vehicles.

Performance of system deteriorates
due to external environment
conditions such as rapid illumination
changes, complex background, etc.

70 False detection pertaining to critical situations
can be removed by using background
subtraction approach based on fuzzy color
difference histogram.

Fuzzy color
difference
histogram.

Attempted to reduce effect of intensity
variation due to fake motion and rapid
illumination changes in background.

Recovery from problems such as
moving cast shadows that causes
object shape distortion, object
merging and object loss is a big
challenge.

73 A fuzzy-based rule system for tracking people
using simple tracking algorithms can be used
to prevent errors caused by such critical
situations.

Fuzzy classifiers The presented approach achieved
better accuracy rates than traditional
shape based and motion based
methods.

Edge-based classification in real-world
video sequences is challenging
problem under changing lighting
condition.

74 Fuzzy rule-based classification can be
combined with changing region detection
scheme to provide accurate detection of such
regions in outdoor scenes.

Fuzzy classifiers The classification of video sequences
was  limited only to buildings captured
under natural outdoor lighting
conditions.

The  insufficiency of traditional fuzzy
object classifiers causes uncertainty
in the classification tasks.

75 Two-stage behavioral fuzzy classifier is applied
to progressively discriminate among
pre-defined semantic classes.

Fuzzy classifiers Scheme was able to model uncertainty
in features data and perform inference
using fuzzy rules to achieve better
classification.

Difficult to accurately detect and track
object in video sequences in
degrading lights.

76 The algorithm can perform classification based
on fuzzy logic to identify moving regions that
correspond to unexpected objects in indoor
scenes.

Fuzzy classifiers The limitation of present approach was
that it was focused only for indoor
video surveillance.

Most  of conventional detection
methods are not cost effective due to
complex computation involved.

77 A fuzzy rule-based reasoning system can work
as  classifier to adopt statistical information
from set of audio-visual features as crisp input
and produce semantic concepts corresponding
to occurred events.

Fuzzy rule based
reasoning
approach

The method kept down cost due to lack
of need to perform complex
computations. One of the main
limitations of the proposed method
was  its confinement to soccer sport
domain.

Early  human action detection is a
challenging task because of issues
such as uncertainty, vagueness and
impreciseness.

78 Hybridization of fuzzy logic and computer
vision can help to achieve early detection of
human action.

Computer vision
and fuzzy set
theory

Hybridization of fuzzy logic and
computer vision led to greater accuracy
of early detection of human action.

Fuzzy  Tracking
Particle filter(PF) suffers from tradeoff

between accuracy and
computational cost.

80 Fuzzy particle filter can handle system
complexity by employing low number of
particles and can provide robustness.

Fuzzy Particle Filter The fuzzy particle filter has achieved
better accuracy with low
computational cost as compared to
Kalman filters.

Varying illumination changes hamper
precision of tracked object.

81 Color feature association and fuzzy c-means
mapping can be used to improve precision and
reduce computation time

Fuzzy Particle Filter
with c-means
mapping

Better tracking with reduced
computation time was observed.

Tracking on PTZ camera results in
irregular response time, low or
irregular frame rate and changing
field of view.

82 Geometric and appearance features can be
used to weigh particle filter samples for
handling large displacement of objects and
irregular frame rate.

Fuzzy Particle Filter
with optical flow

Proposed scheme was able to handle
short term occlusions also based on
certain assumption.
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Table  3 (Continued)

Problem Statement Paper Why  Fuzzy Logic? Approach Strong/weak Points

Rapid illumination changes results in
transformation and deformation of
target.

83 Monte Carlo algorithm can be employed with
fuzzy particle filter to extract target features.

Fuzzy PF with
Monte Carlo
algorithm

Re-sampling of weight results in
reducing number of required particles
and increase robustness in
illumination changes.

Binary  logic does not permit
enhancement of analysis of moving
objects which directly affects
tracking performance.

84 Video sequence motion tracking method by
fuzzification can be used to tackle uncertainty
of  permanency values due to image noise.

Fuzzy logic Integration of logic based decision
rules effectively reduced complexity of
approach and enabled grouping of
spatial objects into coherent classes.

Tracking performance in optical flow is
affected because of coupling
between tracking and predictive
algorithms.

85 Fuzzy control system is used to solve coupling
problem between the different velocities in an
efficient manner.

Fuzzy Logic Object occlusion problem in video
sequence was resolved by proposed
approach.

Unexpected and improper noise
variances occur due to change of
state of tracked object.

86,87 Fuzzy particle filter with fuzzy noises can
achieve better tracking performance by
managing uncertainty in various noise models.

Fuzzy Particle Filter Fuzzy particle filter was found to
reduce tracking performance which
takes a long time to estimate states
than the conventional particle filter.

Conventional Kalman filter algorithm
fails in case of stereo visual tracking.

88 Fuzzy controlled Kalman filter can solve stereo
visual tracking problem by including fuzzy
inference for noisy data

Fuzzy Kalman filter System improved tracking
performance to great extent than
classical Kalman filter in stereo visual
tracking problem.

Random noise due to dynamic
background is major challenge in
optical field that affects tracking
performance.

91 Fuzzy hostility index is used to handle
incoherent optical flow field containing
random noises in efficient manner.

Fuzzy optical field The proposed approach was efficient
for real time tracking of high speed
object in videos.

The  traditional blob tracker fails in case 92 Combination of three-dimensional feature and
tion t
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Fuzzy logic The results show that proposed
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of situations such as background
clutter.

a fuzzy membership distribu
can be used to boost trackin

ted randomly and consisted of a label and feature vector. These
perations were done on locally distributed subgroups of chro-
osomes rather than entire populations. The fitness function was

efined as difference between estimated color vector and actual
olor vector measured at a location in the image and chromosomes
lassified into stable and unstable categories. When an input frame
s received, the stable chromosomes correspond to background and
nstable chromosomes correspond to moving targets. The classifi-
ation of chromosomes was done on the basis of fitness function
alues with chromosomes having low values classified as unstable.
he mutation rate depended upon the degree of motion in a video
nd was instrumental in reducing computational cost between two
uccessive frames. The work evidently showed effectiveness of pro-
osed approach in terms of its speed and segmentation quality.
nother method based on genetic algorithms and spatiotempo-
al restoration was presented by Kim et al. [100] for automatic
bject detection in videos. In this approach genetic algorithm was
sed to detect region of interest automatically. Background regions
hich were occluded by detected regions were restored using

patiotemporal restoration. Furthermore, input sequence was clas-
ified according to object motions and background frame difference
o improve efficiency of restoration. The combination of spatial
nd temporal information in genetic algorithms was  proposed by
ima et al. [101] for video segmentation. A genetic algorithm based
ethod was applied for spatial segmentation to detect accurate
oundaries and change detection mask was produced by temporal
egmentation to determine foreground and background regions.

GA-based method with new evolution mechanism was  pro-
osed for segmentation to improve the performance. The
echnique
ormance.

approach achieves better tracking
performance than traditional blob
tracker.

segmentation is performed by individuals, initialized using the seg-
mentation results of the previous frame, that independently evolve
using distributed genetic algorithms (DGAs). Initially individuals
were assigned random values with same evolution probabilities.
The subsequent frames individuals were initiated from the segmen-
tation results of the previous frame which were classified as stable
and unstable individuals according to their evolution probabilities.
The CDM produced by temporal segmentation was  initially calcu-
lated by adaptively thresholding the intensity difference between
two consecutive frames. This was  refined and compensated by
historical information for enhancement of coherent segmentation
results of moving object. The objects were extracted using combi-
nation of spatial segmentation result and CDM. The objects were
tracked using natural correspondence and post-processing. The
natural correspondence means those regions where objects will
maintain the same label throughout video sequence and tempo-
ral linkage was  built using natural correspondence to the same
objects in the subsequent frames. If such correspondence does
not exist further post-processing was done which considered the
size and location information of the object to be used. Kim et al.
[102] used genetic algorithm for generation of effective and clear
background. The work was targeted at removing errors caused
due to illumination changes and noise in sequential images. Clear
background was  generated using suitability of changing regions.
Evolution to next generation was  done using chromosomes that
were coded using edges and intensity values of the image to avoid
effects caused by illumination changes. Comparison of results with
conventional methods demonstrated effectiveness of proposed
technique.
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C6:-Pseudo Code for utilization of Simulated Annealing for
bject Detection [98]

Nature inspired algorithms are also used for object detection
nd tracking for handling variety of issues prevalent in this field.
mproved particle swarm optimization algorithm was used for

oving object detection in videos by Yu et al. [103]. Improved-PSO
tilized spatial segmentation integrated with Gaussian Mixture
odel for temporal segmentation in videos. Fusion of brightness

nd color information was  done to improve PSO performance and
dapt it to real time videos. The method generated optimal thresh-
ld value using particle swarm optimization. In order to improve
ompetency of basic Particle Swarm Optimization approach for
bject detection, Cagnoni et al. [104] proposed modified basic Par-
icle Swarm Optimization approach for two image analysis task.
he modifications were done in two ways: At first forceful division
f swarms into sub swarms was done and secondly particles dis-
ersion was favored through regions of interest. k-means PSO was
pplied to achieve division of swarms into sub swarms and second
oal was achieved by updating fitness function and velocity equa-
ion. It resulted in improvement of speed for image segmentation
rocess and handling of complex background. A comparison of PSO
and GA to propose an optimal neural architecture for detection of
objects was presented in [192].

Manisha et al. [217] proposed object detection and tracking
method based on fuzzy 2-partition entropy and Big Bang–Big
Crunch Optimization (BBBCO) for optimizing the performance of
standard background subtraction algorihtm. This was  done by
applying the concept of fuzzy 2-partition entropy and framing the
problem of threshold detection as an optimization problem(Please
refer to C7 for pseudo code and detailed algorithm). They used con-
cepts of Big Bang Big Crunch Optimization to optimize detection
of effective threshold value for a frame in consideration. BBBCO
was also used to extract several other parameters for background
modeling and detection of object regions. The detected regions
were further tracked by Kalman Filter. The performance of the
proposed appraoch was evaluated using benchmark datasets. The
confirmation experiments results prove that proposed approach
has better performance than the other methods such as traditional
background subtraction method, simulated annealing based back-
ground subtraction method etc.
C7:-Pseudo Code for utilization of Big Bang Big Crunch Opti-
mization for Object Detection [217]
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Evolution based algorithm based studies have been exploited
y relatively large number of researchers in field of medicine.

 study based on genetic algorithm (GA) was proposed by Bhu-
aneswari et al. [105] for detection of cancer in lungs. Another
A based method for detection of tumor in brain was proposed
y Chandra et al. [106]. The study has used genetic algorithms to
ccept enhanced, soft thresholded images as input. GA uses stan-
ard crossover and mutation operators to perform segmentation
f MR  images. Automatic thyroid disease detection was proposed
y Liu et al. [107] using fuzzy based k-nearest neighbor (FKNN)
lassifier. The contribution of study was to explore capabilities of
KNN by automatically determining the neighborhood size k and
uzzy strength parameter m for thyroid disease diagnosis. In order
o achieve this goal, continuous PSO was employed to dynamically
onduct parameter optimization for FKNN classifier. The perfor-
ance of proposed approach was evaluated using thyroid disease

ataset and achieved accuracy of 98.82% compared to traditional
pproaches. More Recent attempt was made by Lahmir [108] for
etection of Glioma using particle swarm optimization based on
ulti-fractal features of segmented brain MRI. The proposed sys-

em segments a MRI  image by three variants of PSO namely classical
SO, Darwinian particle swarm optimization (DPSO), or fractional-
rder DPSO (FODPSO). MRI  pixel set was seen as a problem space,
nd PSO meta-heuristic seek to find a pixel partitioning that maxi-
izes between-class variance of the distribution of intensity levels.

lassification of pixels has been done by trained SVM. Sweety
t al. [109] used particle swarm optimization (PSO) and decision
ree based classification for detection of Alzheimer’s disease. The
roposed scheme was implemented in three phases of feature
election, feature reduction and classification. Role of PSO was to
enerate reduced number of features so that a low computational
lassification tree could be generated.

.2. Evolutionary algorithm based object tracking

In order to track targets of variable size in videos of low frame
ate, Boroujeni et al. [110] proposed multi-objective co-evolution
enetic algorithm. The merit of work was its robustness against
emporal resolution changes and its application on videos with
rame rate of 5 fps rather than 15 or more fps. Sample impover-
shment problem in particle filter [111,112] was solved by Han
t al. [113] using an evolutionary particle filter with immune
enetic algorithm (IGA). IGA was used for target tracking by
dding IGA before re-sampling process to increase particle diver-
ity. The immune system brought out number of new antibodies
argely through crossover and mutation operators. Visual target

as selected in the initial frames manually. The color distribution
as then used to establish similarity measure between sample and

eference target. New particle set was calculated using random
rift model and particle weights were calculated. The state esti-
ation of the target was estimated and crossover and mutation
as performed for evolving new particles. Re-sampling of parti-

les was done to obtain new particles iteratively until targets were
ccurately tracked.

It was found that proposed particle filter integrated with
mmune genetic algorithm outperformed conventional particle fil-
er.

Particle swarm optimization algorithm that used multiple inter-
ctive swarms to track various pedestrians sequences in a crowd
as proposed by Thida et al. [114] as shown in Fig. 8. In order

o track multiple targets in a crowded scene, motion prediction
hrough particles and swarms diversification was  introduced into
ulti-swarm particle swarm optimization. Swarms were initial-
zed for every new target entering a scene and each swarm had
n’ particles where best state of the pedestrian was represented
y its centroid location, width and height of the bounding boxes.
puting 70 (2018) 423–464 443

Gaussian distribution was  used for sampling at the beginning of
PSO iteration in every frame. The target motion was  predicted
based on its personal information and movement of other mem-
bers of social group. Two  targets were considered as neighbors
if their similarity score was  greater than predefined threshold.
The method employed histograms of oriented gradients (HOG) to
obtain detections in each frame. Then matching score based on
the spatial proximity, size and the appearance similarity was used
to calculate difference between detection and current state of the
target to be tracked. Finally, maximum matching score was  used
to find the exact match of the current state of the target to be
tracked. Zhang et al. [115] adopted sequential particle swarm opti-
mization framework for object tracking in videos by incorporating
temporal continuity into conventional particle swarm optimiza-
tion algorithm. In PSO based method, tracked object was  localized
using rectangular window for each frame of the video and affine
image warping was  employed to track object between successive
frames. The target appearance was modeled using spatial con-
straint Mixture of Gaussian and online EM algorithm was  used
to estimate the parameters. Another work on tracking based on
Swarm Intelligence Metaphor was detailed by Canalis et al. [116]
in which a predator-prey metaphor was defined. The feature vector
of prey consisted of gradient and color information. A template was
defined as prey pixels’ sample which will supply scent of preys to be
tracked to swarm of predator particles. Each predator particle will
track its prey using prey scent similarity principle. Authors argued
that method is robust even if the object is deformed or image is
cluttered since swarms follows light intensity independent colors.
The method was found to be computationally less intensive but
accurate tracking of small sized objects was an issue. To achieve
efficient tracking, Zhang et al. [117] proposed a method which
integrates PSO-based searching method and Bayes’-based probabil-
ity classifier algorithm. Changes in scene are identified by particle
swarm optimization and Bayes’ based probability algorithm was
used to provide an estimation of best candidate in the scene. In
this framework, window based PSO was  employed in which win-
dow parameters such as central point of the particle, width and
height of the window and orientation of the particle were used
for tracking. Different fitness functions were used for evaluation of
these particles. The proposed algorithm considered object features
and object motion estimation to speed up searching procedure. The
system was tested in dynamic environments however number of
tests conducted were very small and false detections were observed
when object gets out of sight.

Yang et al. [118] used PSO approach to optimize unscented
particle filter based tracking algorithm to prevent impoverish-
ment problem. The algorithm produced a proposal distribution by
unscented Kalman Filter method to improve sampling distribution
function than conventional particle filter algorithm. Incorporating
new observations in sampling process tend to optimize distribution
of particles and problem of particle loosing diversity was avoided.
The particles tend to converge to high likelihood regions which
led to improvement in estimation accuracy. Problem of particle
impoverishment was  also targeted by Zhou et al. in [119] in which
particle swarm optimized algorithm was  integrated into particle
filter framework. PSO method drove particles to explore solution
space and search for the best-fit state estimation. Particle filter
states were modeled using parameters such as (x,y, sx,sy) where x,y
represents the target location, sx and sy represents the velocity of
the target in x y direction. The moving target was represented using
every particle swarm in this space. Initialization of best solution
was done followed by calculation of global best solution. Sequen-

tial Monte Carlo method within Bayesian framework was  utilized
by particle filter to approximate probability density via a set of
weighted samples. Bhattacharayya distance measure was used to
measure similarity between discrete probability distributions. An
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Fig. 8. Steps involved in object trac

daptive discrete swarm optimization for video tracking frame-
ork was proposed by Bae et al. [120] in which object being tracked
as represented using rectangle around it. The object was  defined
sing four dimensional variable (x0, y0, w0(width), ho(height))
here x0, y0 represents 2D co-ordinates of the center point of

he particle. In the next step, particle swarm was applied within
 four dimensional feature space. The particles evolve to com-
ute its position based on global best among all particles and an
daptive parameter. HSV histogram computed by image extracted
rom search window of target object was used to build a feature

odel for target object. The initialization of particle swarm was
one around the target object within the search space. In every
rame, the particle’s current position was set as individual best and
he particle with highest fitness value as global best during begin-
ing of each iteration. The movement of particles was  limited to
ub-search space to find an optimal match of the target. In next
uccessive frame particle distribution was updated based on the
lobal best position computed from the last frame. In case of disap-
earance of target object or occlusion, the particles updated their
earch strategies to recapture target object. Compared to tradi-
ional PSO and GA algorithm, adaptive discrete swarm optimization
chieves high accuracy and faster speed for tracking objects which
ere modeled in a high-dimensional feature space. Biogeography-

ased optimization was used for localizing a foreground object with
espect to its background by Wang et al. [121]. Initially a set of local,
egional and global salient feature maps were obtained and man-
ged. In the next step, an optimal weight vector was evaluated using
mproved variants of biogeography-based optimization algorithm

hich was applied to link these feature maps into one saliency map.
inally, salient objects were identified successfully from the image
ackground. The system had been shown to be more effective than
ther state-of-art methods.

In the past decades cost of sensors had decreased dramatically

hich has led to use of high dynamic range of infrared sensors

n situations such as all weather and night-vision surveillance.
ut a single cue is insufficient to use with these entire environ-
sing Particle swarm optimization.

ment conditions so multiple cues have been combined to obtain
better tracking performance by Zhang et al. [122]. The proposed
approach applied a multi-cue based PSO algorithm to make PF
particles advance in direction of high likelihood area and found
optimal multi-cue weight configuration in the update stage of PF
framework. The equal weighted particles were generated accord-
ing to prior density as the first step. The proposed approach used
intensity and gradient as two  cues for feature representation. The
intensity and gradient histogram were computed for each particle
and bhattacharya co-efficient was used to measure the similarity
between histograms. Finally, the feature weight was yielded by
calculating the pixel distance between predicted position and real
target position expressed in terms of discrimination of gradient and
intensity cues and the particles were then propagated indepen-
dently. Resampling was done based on the efficiency criteria and
the particle diversities were enhanced using random propagation.
At last the histogram model of the object was updated to capture
pose and appearance variation of object during tracking process.
The authors had tested performance of particle filter tracker using
three different sets of infrared videos.

Another PSO based tracking method for real time tracking of
objects was proposed by Tawaba et al. [123]. A multi-feature model
was used to detect objects to improve tracking performance. Target
to be tracked was  exemplify using rectangular window centered
at the center of the object and delineated with four parameters
(centroid x, centroid y, width, height). Two feature vectors were
used to describe target area. The foremost one calculated the tar-
get’s gray level intensity properties and the other one is the gray
level probability density function (PDF) of the object to be tracked.
Each particle was  initialized primarily using Similarity (SIM) fitness
function but if SIM was not able to locate the object correctly then
the BC coefficient was  used to capture the location of the target. The
target was located manually and then targets’ mean and standard

deviation was computed for the similarity measure and PDF for
the Bhattacharya coefficient (BC) fitness function. Edge enhance-
ment detection algorithm was  used to adjust the reference target
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arameters such as boundary and centroid for better results. The
odel amalgamates effects of various object cases into a single cost

unction.
The use of Particle swarm optimization and adaptive block-

atching algorithm has been demonstrated by Kader et al. [124]
or efficient eye detection and tracking system. The researchers
pplied PSO-based deformable multiple template matching tech-
ique to compute best candidate for center of eyes within a frame of
he video sequence. The block-matching algorithm with adaptive
earch area was employed for eye tracking. The proposed object
etection and tracking approach was successful in providing sig-
ificant improvement in performance than deformable template
atching based methods such as genetic and PSO. Subsequently
Zhao et al. [125] also applied Particle swarm optimization algo-

ithm to improve performance of Particle filter in heavily cluttered
nd complex scenes. The authors presented a re-sampling method
ased on Particle Swarm Optimization to compute high likelihood
rea to distribute particles in efficient manner. In this framework
he state of the particle was expressed with object position. The
lend of color histogram (HC) and histogram of orientations gra-
ient (HOGC) was used as observation model. The HOG features
ere extracted on each gray level image window. PSO was used for

earching new sample area around the position of the object. Ten
articles were sampled around t-1 time step and Bhattacharya coef-
cient was used to measure the similarity between the candidates
nd object model. The method was demonstrated to work effec-
ively and efficiently on real-tracking scenarios than traditional
article filter.

.3. Discussion

Table 4 depicts collection of various evolutionary based algo-
ithms used for object detection and tracking for videos. Simulated
nnealing has been exploited to propose an entropy based object
etection method in [98] however scheme suffers from computa-
ional delay. The advancement in soft computing based approaches
or object detection and tracking in videos has lead to use of Genetic
lgorithms and particle swarm optimization in handling numerous
omputer vision and image processing challenges. Both PSO and GA
ave clearly outclassed all other evolutionary techniques. This may
e attributed to the fact that both PSO and GA provide quick con-
ergence and can overcome local minima quickly. In the past, they
ad already proven their efficiency when tested against well known
lgorithms. On investigating the results in current domain, it was
ound that Genetic algorithms and particle swarm optimization
lso perform better than other evolutionary approaches in terms of
ccuracy [104,113,119,124]. Another important observation is that
ecause of simplicity, easy implementation and quick convergence
f PSO and GA; these are more suitable for complex optimization
roblem like medicine. Therefore capability of both evolutionary
pproaches is emerging as important aspect for object detection
nd tracking in videos and applications like medicine. The litera-
ure has provided very little head to head comparisons among these
pproaches but when investigated deeply it was found that PSO
cores over Genetic algorithms [114,120,192]. It was observed that
or an equal number of particles and equal number of iterations, PSO
ets an edge over genetic algorithms. For object detection methods,
SO provides better results while measured in terms of parame-
ers like standard deviation, mean and best recognitions. PSO gives
etter results for tracking also when measured in terms of param-
ters like average processing time per frame, error positions per
rame etc. This may  be because of advantages of PSO over GA, as

SO allows greater diversity and exploration over a single popula-
ion (which with elitism would only be a population of pbests). This
s different from GA in which algorithm has to undergo sequence
f operations like selection, mutation, crossover and best solution
puting 70 (2018) 423–464 445

is usually not preserved in different evolutions. The momentum
effects on particle movement can allow faster convergence (e.g.
when a particle is moving in the direction of a gradient) and more
variety/diversity in search trajectories which is not the case with
GA or similar evolution based methods. Future directions for evo-
lutionary studies can seek inspiration from new variants of PSO like
adaptive PSO and adaptive genetic algorithms. Adaptive nature of
such techniques allows position updates according to fitness val-
ues of particles and makes each particle’s searching ability more
adaptive. Moreover size of search area can also be dynamically
reduced or enlarged. Exploitation and use of some recent optimiza-
tion approaches can be further explored for designing some real
time applications. One such study is available at [121] in which
biogeography based optimization was  used but an honest attempt
is still desired in this direction.

6. Hybrid approaches

Hybrid approaches uses combination of more than one soft
computing approach to effectively detect or track object in video
sequences. Efficacies of multiple approaches are combined to over-
come limitations of one approach and design effective decisions
using combination. Research in hybrid approaches for object detec-
tion in videos had always been targeted to device intelligent
techniques to enhance functionality of object detection approaches.
Therefore discovery of hybrid approaches is actually a big achieve-
ment and some of work carried out by researchers based on these
approaches is summarized in this section.

Neuro-fuzzy approach was applied by Maddalena et al. [126]
for detecting moving objects in video sequence. Their paper has
addressed issues related to uncertainty in detection process which
was caused by background maintenance phase of Background sub-
traction approach. The logic behind proposed technique was to
implement self organizing map  approach to detect moving object
based on background model. Fuzzy learning factors were intro-
duced following classification of the pixel in update procedure of
background model of Self Organizing Background Subtraction. The
experimental results on real color video sequence showed promis-
ing results and redirected researcher’s attention towards hybrid
approaches of object detection in videos. In fact, introducing fuzzy
approach in maintenance phase of object detection procedure in
videos improved accuracy of corresponding crisp moving object
detection procedure. An approach based on similar concepts was
presented by Murgia et al. in [127]. The authors had tried to apply
neuro-fuzzy approach to extract moving object in videos having
dynamic backgrounds. The self-organized mapping (SOM) from
neural network was  used so that system was able to adapt to differ-
ent changing environment conditions such as shadowing. Further,
fuzzy inference was  applied to deal with dynamic changes in video
by regulating parameters of the SOM-based background model
according to state of moving objects. Self organizing background
subtraction model by incorporating spatial coherence and fuzzy
based approach was presented by Maddalena et al. [128] to handle
uncertainties and imprecision. Spatial coherence was introduced
into background subtraction to guarantee more robustness against
false detection and fuzzy functions were used in learning step to
improve moving object detection accuracy. The term spatial coher-
ence was  defined in terms of intensity difference between locally
contiguous pixels and small intensity difference shown by neigh-
boring pixels was considered coherent. A neuron map consisting
of n*n vectors, for each pixel, was  represented in HSV color space

and current frame was  subtracted from the background model
to determine existence of weight vector matching current pixel
weight vector. The pixel was classified as foreground if no accept-
able weight vector exists otherwise it was classified as background.
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Table 4
Summary of evolutionary based methods for object detection and tracking in videos.

Problem Statement Papers Why  Optimization Based Approach? Approach Strong/Weak points

Evolutionary Based Approaches
Complex backgrounds, dynamic lighting

conditions lead to ineffective object
outcomes.

98 Entropy based simulated annealed background
subtraction method is used for generating
optimal threshold because of its effective
exploitation within search space

Entropy based
simulated annealed
background
subtraction method

The major limitation of algorithm was
slow convergence speed.

Slow convergence speed and low search
efficiency of classical genetic algorithm
reduces segmentation performance in
videos.

99 Distributed Genetic Algorithm can effectively
utilize temporal correlation between
successive frames.

Distributed Genetic
Algorithm

Parallel exploration of search space
resulted in faster convergence but
segmentation results required further
improvement

Conventional approaches are not able to
perform occluded background recovery.

100 Genetic Algorithm with spatiotemporal
restoration was able to perform occluded
background recovery for better object
detection.

Genetic Algorithm This method can be adapted to
stationary/moving object on stationary
background in videos.

Traditional approaches for segmentation
suffer from over segmentation and
intensive computational cost

101 Spatiotemporal segmentation can
automatically decompose a video into objects
making up scene.

Genetic Algorithms The proposed approach was limited to
video sequences with stationary
background.

Generated background is affected by
illumination changes.

102 Genetic Algorithm can use edges and intensity
values of frames to avoid effects of
illumination changes.

Genetic Algorithm The proposed approach was capable of
handling ghost and illumination
change problems.

Conventional PSO has difficulty in
managing sudden changes in light
conditions.

103 Improved PSO supports dynamic updated
segmentation and is independent of prescribed
evaluation function.

Particle Swarm
Optimization

Succession strategy has strong global
Optimization ability which makes it
suitable for real time processing.

Basic  Particle Swarm Optimization is
sensitive to noise and possibly
misleading

104 Improved PSO achieves dynamic
reconfiguration of swarms based on clustering
techniques to improve classification
performance.

Particle Swarm
Optimization

Offered a solution towards low
accuracy of conventional Particle
Swarm Optimization approach.

Object  tracking
Particle filter methods cannot track objects

having variable sizes within frames
110 Multi-objective co-evolution GA is developed

to track variable size objects in low frame rate
videos.

Genetic Algorithm It can track far and variable size objects
better even in low frame videos.

Particle degradation becomes inherent
shortcoming of particle filter.

113 Immune genetic algorithm (IGA) is added
before re-sampling process to increase particle
diversity.

Particle filter with
genetic Algorithm

The particle set optimized by IGA
expressed true state of target, and
number of meaningful particles
increased significantly.

The  standard PSO cannot address problem
of  tracking multiple targets.

114 Multiple target tracking can be achieved by
incorporating motion prediction and social
interaction in standard PSO approach.

Particle Swarm
Optimization

Proposed method was able to track
multiple targets in crowded scene with
severe occlusion.

Conventional PSO fails to track objects in
dynamic environment.

115 Sequential PSO offers more stable performance
by  incorporating temporal continuity into
conventional PSO.

Sequential Particle
Swarm
Optimization

Sequential PSO based tracker is better
both in terms of accuracy and
efficiency than particle filter.

Difficult to track object with arbitrary
shapes using region template tracking or
using salient features

116 Pixel color and image information are utilized
to  form swarms which are tracked using
combination of different rules.

Predator–Prey scheme
based swarm
intelligence

Proposed method worked with
occluded objects but accuracy for small
sized objects was an issue.

Using  only object features in PSO is not
efficient and less robust.

117 Object motion can also be taken into
consideration using Haar like features to form
cascade classifiers to find best match.

Adaptive particle
swarm intelligence

Proposed method was able to track
objects in indoor environments
however false detections can be
observed.

Serious  degeneracy phenomenon can
appear in simple PF because of
impoverishment problem

118 Improved PF algorithm based on choosing a
good proposal distribution to obtain better
sequential importance sampling.

Particle Swarm
Optimized Unscented
Particle Filter

The solution is more accurate and
robust and accuracy of video tracking
is improved as perceived by visual
results.

A  large number of samples are required to
properly approximate posterior density
of state evolution in classical PF.

119 PSO can be incorporated into particle filter
after prediction stage to reduce impact of
impoverishment.

Particle swarm
optimization
embedded into generic
particle filter.

Embedded PF effectively reduced size
of  sample set and improved accuracy
and robustness of tracking system.

Traditional PSO sometimes fails in finding
true global optimum in some situations.

120 More stable and fast tracking performance was
obtained by applying Adaptive Discrete swarm
optimization technique.

Discrete Swarm
Optimization

The proposed method does not reflect
comparison with state of the art
method in terms of some specific
parameters.

Detecting salient objects in an efficient and
effective way  is a great challenge.

121 Biogeography-based optimization is applied to
combine features into one saliency map  for
labeling salient object from image background.

Biogeography-based
optimization

The method outputs uniformly
highlighted salient regions with
well-defined boundaries.

Single  cue for tracking is insufficient to
deal with environmental conditions like
nights or bad weather.

122 A multi-cue based PSO guided PF tracking
framework is employed to deal with certain
circumstances.

Particle swarm
optimization (Particle
filter (PF) tracking)

Multi-cue based convergence criterion
helps avoiding local minima.

Real  time environmental issues effects
tracking performance.

123 Multi-feature PSO method was employed to
increase tracking performance for real time
applications.

Particle Swarm
Optimization

Simple particle to particle interaction
made it suitable for parallel and real
time processing.

The  efficiency of eye tracker reduces due to
head movements, eye blinking, and
occlusions.

124 PSO and adaptive block-matching algorithm
helps in relaxing limitation caused by critical
circumstances for eye trackers.

Particle swarm
optimization and
adaptive
block-matching
algorithm

Better accuracy and computational
complexity than edge projections
based method.

Particle filter looses performance in
cluttered and complex scenes.

125 High likelihood area for distribution of
particles can be found by resampling method.

Particle Swarm
Optimization

The method was tested on real time
scenarios and improvement in
performance was  observed.
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A hybridized method based on multi-valued Neural Network
ith Gaussian mixture model algorithm was proposed by Luque

t al. [129]. They had used Gaussian Mixture model method pro-
osed by Stauffer et al. [130] in devising video segmentation
lgorithm and multi-valued Neural Network was then applied
o improve segmentation results. Experiments were performed
n publically available videos sequences on internet and visu-
lly satisfactory results were only shown. Gallego et al. [131]
mployed a recursive background modeling approach to dynam-
cally model background in which membership functions were
uned employing Marquardt–Levenberg algorithm within a fuzzy
ystem. Results of experiments showed importance and applica-
ion of Marquardt–Levenberg algorithm integrated within a fuzzy
ystem in terms of improved object detection in videos. Another
bject detection technique that used neuro-fuzzy approach is avail-
ble at [132]. The scheme presented background subtraction model
sing neural self organizing map  with fuzzy automatic threshold
pdate to handle uncertainties such as illumination changes and
light shadow problems. In this framework, each video frame pixel
as modeled using HSV color space such as p(x,y,t)=[H,S,V]T and to

uild background model, each pixel of the frame was  mapped into
euron W(x,y,t). Euclidean distance was computed to find whether

 pixel is a part of moving target in the HSV color-space from the
econd frame. Difference Value Analysis (DVA) was done on various
ituations such as scene with drastic changes, with normal changes,
ith no changes using analysis of difference between each pixel

nd neuron. A scene analysis mechanism was employed to update
earning rate values of Background subtraction model automati-
ally and a scene with drastic changes updated the background
odel with input information and DVA. Furthermore, optical flow

lgorithm was applied to analyze dynamic regions to improve
etection of objects further. A new fuzzy estimator named Takagi-
ugeno-Kang (TSK) type fuzzy method for background estimation
as devised by Li et al. [133]. This method was  hybridization of
article swarm optimization with fuzzy logic and kernel least mean
quare method was used to train fuzzy estimators. The proposed
pproach was not able to handle problem of changes in illumina-
ion and in cases where foreground objects remains present over
ong time.

A hybrid approach using genetic algorithm and deep convolu-
ional neural networks (CNN) was proposed by PaulIjjina et al. [134]
or recognition of human actions. Solutions generated by genetic
lgorithm were used to initialize weights of a convolutional neu-
al network to reduce classification error. The convolutional neural
etwork was trained using gradient descent algorithm during fit-
ess evaluations of chromosomes. The convolutional layer weight
ask and seed value used by random number generator were con-

idered as GA chromosome employed for fully connected neural
etwork initialization. The fitness function for the evaluation of GA
hromosomes was CNN classification error. A single convolution
ask was used in the initial convolution layer because of simplic-

ty of pattern and masks were doubled in the succeeding layers.
he binary decoded output of the classifier helped in determin-
ng the action labels. Tests were conducted on UCF50 dataset to
emonstrate performance of suggested method. Another interest-

ng hybrid approach for human action recognition was  exposed by
jjina et al. [135]. They proposed hybridization of deep neural net-

ork model by taking fusion of CNN classifier with binary decoded
utputs. Action bank feature of a video was used as input to CNN
lassifier for action recognition. The input data was diversified by
omplementary action bank classifier and applying varying model
nitialization to generate different versions of the same model. An

ffective classifier fusion model was designed by leveraging high
onfidence of classifiers for correct prediction and variations of
odel. Fusion using maximum value was used as classifier model
puting 70 (2018) 423–464 447

to ensure selection of correct class labels with evaluations being
done on UCF50 dataset.

Vision-Based Neuro-Fuzzy approach was presented by Wu  et al.
[136] for adjacent lane detection and lateral vehicle distance mea-
surement for a driver assistance system. To capture images of
adjacent lane, camera was  mounted at left side rear view mir-
ror of the experimental vehicle and image processing techniques
were employed for detection of lane lines; and lane-based trans-
formations were explored for the candidates for lateral vehicle. A
well-trained recurrent functional neuro-fuzzy network was used
to estimate distances of lateral vehicles by computing the real dis-
tance of the detected target from the pixel distance of the image.
The pixel distance was  measured till vehicle was 30 m away and
this was  repeated for every two meter backwards. After learning,
only four rules were framed in fuzzy and training process was con-
tinued for 500 iterations. The 9 video sequences captured when the
vehicle was driving on Taiwan’s highway were used to evaluate the
presented approach. Another hierarchical neuro-fuzzy architecture
was devised by Acampora et al. [137] for effective analysis of human
behavior. The raw kinematic data obtained by tracking algorithm
was analyzed by employing suitably trained time delay neural net-
works (TDNNs). The architecture of TDNN composed of input layer,
two hidden layer and one output layer. The input layer comprises
of three features such as horizontal position, vertical position and
speed. The hidden layer consists of 15 neurons and output layer
consists of three neurons to provide information about object tar-
get in terms of three behaviors: walking, stopping and running.
The input layer was  connected to second layer with delayed time
approach and TDNN was trained using back-propagation paradigm.
The fuzzy inference engines were used to identify a collection of
refined and context depending behaviors. The input to the fuzzy
inference system was  lower layer information such as micro behav-
ior, object distance and appearances of the system. Trapezoidal
membership function was  used for modeling human behavior anal-
ysis concept. Mamdani fuzzy rule system with max-min inference
and center of gravity method for de-fuzzification was employed.
The neuro-fuzzy network based application called HebbR2-Taffic
for traffic analysis was presented by Cho et al. [138]. A nine fea-
ture value vector was extracted for representing features of the
vehicles and this vector acted as input patterns to neural network
for performing training and validation. The proposed approach was
implemented as five layered network namely: input, condition, rule
node, consequence, and output layer. Non fuzzy vectors were used
for representing input and output layer. Condition; rule node and
consequence layer were used for performing fuzzy inference. The
input layer transfers the raw input to the condition layer which
acted as singleton fuzzifier. The condition layer transformed raw
input into fuzzy input using Gaussian membership function. The
activation function of each node in the rule node layer performs
T-norm function. S-norm function was performed by consequence
layer by aggregating output of each node in the rule node layer.
Modified center average de-fuzzifier was  employed at the output
layer to convert the output into crisp value. Hebbian–Mamdani rule
reduction architecture was used for classifying and counting vehi-
cles passing through a three or four lanes expressway, as a result of
which well-trained network was  able to perform vehicle counting
and classification accurately.

Hybrid techniques have been successful in proposing some
wonderful solutions for benefits of society. In this context, the
recognition of Alzheimer’s disease (AD) was attempted by Cho
et al. [139] using genetic algorithms and artificial neural network
approach. A feature pool including 88 spectral, 28 statistical and

2 nonlinear characteristics of EEG and 10 features of ERP was
made. The combined GA/ANN was  applied to find the dominant
features automatically from this feature pool. The detected fea-
tures were given as inputs to neural network. The recognition rate
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f ANN fed by this input was 81.9% for the untrained data set.
urthermore, Kim et al. [140] also proposed detection method of
lzheimer’s disease using genetic algorithms and artificial neu-
al network approach with single channel EEG recording however
esults were not promising. Invent of Magnetic resonance imaging
MRI) techniques provides rich information for clinical diagno-
is and biomedical research. The diagnostic values of MRI were
reatly enhanced by automated and accurate classification of the
R images and played an important role in detecting AD subjects

rom normal elder controls (NC). A hybrid Eigen brain based CAD
ystem that can, not only detect AD from NC but also detect brain
egions related to AD was proposed by Zhang et al. [141]. The
tudy used Eigen brain feature for the first time on MRI  images
nd inter class variance was established using novel approach.
upport vector machine (SVM) was used for classification with
equential minimal optimization(SMO) to train SVM. The testing
as performed on RBF and polynomial kernals with different scal-

ng factors; interclass variance and Welch’s t-test (WTT) was used
o reduce redundant data. PSO was used to obtain best parameters
ike scaling factor of RBF, or the degree and soft margin constant
f POL with additional task of optimization of error penalty. The
esults were demonstrated in terms of visual images and various
tatistical measures.

The use of hybridization of biogeography-based optimization
BBO) and particle swarm optimization (PSO), for detecting tumors
rom normal brains in MRI  scanning was presented by Zhang et al.
142]. They applied wavelet entropy for extracting features from
rain MRI  images which were fed to feed forward neural net-
ork for classification. The training of feed forward network was

egarded as an optimization problem in which variables were con-
idered as combination of the connection weight matrix between
nput and hidden layers, and between hidden and output layers.
he training was performed with hybridization of BBO and PSO
HBP) so that exploration ability of BBO and exploitation ability
f PSO could be combined. The whole population was divided
nto two with one implementing PSO and other BBO. A new off-
pring was produced from gbest of PSO and elite of BBO using a
rossover operation. The hybridized approach with an accuracy of
9.49% with only 6 features outperformed other state-of-the art
ethods. Hybridization of PSO and artificial bee colony optimiza-

ion (ABC) has been done to design CAD tool for differentiation
f normal brains from abnormal brains with PSO and artificial
ee colony optimization [143]. The proposed method used trans-

ation invariant stationary wavelet transform (SWT) to extract
eatures from MR  brain images. To improve performance of clas-
ifier on query images, three novel feed forward neural network
ariants (FNN): IABAP-FNN, ABC-SPSO-FNN, and HPA-FNN based
n three different hybridization methods of PSO and ABC were pro-
osed. Evaluations of these three hybridization methods had also
een done on three different datasets for comparative purposes.
ecently, Zhang et al.[144] proposed another method for detection
f Alzheimer’s disease and mild cognitive impairment using 3D-
iscrete Wavelet Transform (DWT). 3D-DWT was  used to extract

eatures from a 3D brain which were reduced using PCA effectively
o that dimensionality of the data and subsequently computational
ost of analyzing new data can be reduced. The paper implements

 multiclass classification method using winner-takes-all Kernel
upport Vector Machine trained by Particle Swarm Optimization
ith time-varying acceleration-coefficient (PSOTVAC). PSOTVAC
as chosen to enhance global and local search capability by giv-

ng more weight on cognitive component and less weight on social
omponent at the former stage; and giving less weight on cog-

itive component and more weight on social component in the

atter stage. This method was successful in achieving accuracy up
o 81.5% as compared to others whose accuracy were limited to
4%.
puting 70 (2018) 423–464

6.1. Discussion

Table 5 provides summarization of various studies based on
hybrid approaches. The table describes problem undertaken by
study and how hybrid approaches were able to effectively handle
this problem. There is need of hybridization of various soft com-
puting approaches in order to enhance performance and efficiency
of object detection and tracking algorithms. The table indicates
that a large number of neuro-fuzzy based studies are prevalent
in literature. Combination of both had proven to be major choice
among researchers for implementing solutions for proposed prob-
lem. The main reason for combing neural network and fuzzy system
is that some limitations can possibly disappear by combining both
approaches. For example, Fuzzy logic is able to represent uncer-
tainty but designing of such system is very difficult because rule
formation and extracting information from inference engine can
be complicated. Furthermore, it is difficult to make fuzzy logic sys-
tem generic as rules are fixed and difficult to change. The solution
to this problem is provided by neural network because they have
the ability to learn and generalize. Fuzzy logic provides good mod-
eling of uncertainties which are persistent in working environment
while neural network based systems had sound history in classifi-
cation of pixels. Therefore, hybridization of neuro fuzzy approaches
is beneficial to both strategies. Deep learning has proved to be
efficient approach due to its powerful learning characteristics as
compared to traditional approaches. In spite of efficient learning
characteristics of deep architectures, straightforward optimization
of deep architecture has been proven to be computationally expen-
sive problem. Some insights in this direction has been made by
researchers by combining deep learning concepts with genetic
algorithms but such studies are still in growing stage [134]. This
was due to efficiency of genetic algorithms to generate background
effectively and powers of deep neural networks to make effective
classifications. The obtained results were appreciable. The use of
evolutionary algorithm was done to address challenges in training
deep architecture. Therefore various evolutionary algorithms can
be applied to optimize the feature, topology and weight selection
process of neural network architectures. Instead of applying con-
ventional approaches like background subtraction for background
modeling in multimodal videos, fuzzy logic has been used which
is capable of approximating estimation function even in presence
of noise. But performance was  still not desirable and therefore PSO
has been used in combination with fuzzy to optimize parameters in
fuzzy inference system to improve its performance [133]. Since PSO
has the ability to fine tune parameters by finding near optimal solu-
tions in complex search spaces therefore it is suitable candidate for
incorporating a priori knowledge in design of fuzzy rule base sys-
tem which can also be future focus of researchers. Because of ability
to fine tune parameters, PSO has also been widely appreciated to
offer reliable solutions in field of medicine by hybridizing it with
BBO and ABC optimizations. Gaussian mixture model have been
widely used for object detection in videos but it suffers from spuri-
ous detection of objects. This situation arises due to inability of the
approach in establishing relation with the neighborhood of each
pixel which is used to obtain these objects in motion. Therefore,
Gaussian mixture model was extended to Multivalue neural net-
work Gaussian mixture model which is capable of eliminating the
limitations of conventional Gaussian mixture model. The present
section has discussed about the reasons for the hybridization and
degree to which one technique is hybridized with other technique.
It can be concluded that there is no general rule for hybridizing
two or more approaches together and choice lies with the designer

of algorithm. However it can be inferred that for modeling uncer-
tainty of background environment. Fuzzy logic has shown success
where as neural network or deep learning based solutions are good
at classification decisions. The future directions in hybridization
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Table  5
Summary of hybrid approaches for object detection and tracking in videos.

Problem Statement Papers Why  Hybrid Approach? Approach Strong/Weak points

Hybrid Approaches
Conventional Background Subtraction

method is unable to model uncertainties
effectively.

126 SOM integrated with Fuzzy approach can
effectively increase detection performance in
complex environment.

Self Organizing Map
with Fuzzy Logic

The fuzzy approach used in the
background update phase helped to
deal with sudden illumination changes
and shadows.

Dynamic background, sudden illumination
changes, etc. affects object detection and
tracking.

127 Shadow elimination and dynamic background
are handled using SOM and fuzzy can be used
to mimic  human behavior for automatic
parameter adjustment in SOM.

Neuro-fuzzy approach The proposed approach improved
segmentation results.

Self  organizing background subtraction
(SOBS) was not able to handle
imprecision and uncertainties.

128 SOBS was improved by integrating fuzzy
function in learning step to overcome SOBS
limitations

Neuro-fuzzy approach Integrating fuzzy approach with SOBS
method improved accuracy of moving
object detection procedure.

Multi-valued neural network was
proposed to correct some deficiencies of
GMM Algorithm.

129 Integration of Multi-valued Neural Network
with GMM  can effectively improve
classification process.

Multi-Valued Neural
Network with GMM

The study didn’t include parameter
setting mechanism and results
provided were only qualitative.

Determining parameters like membership
functions and threshold for background
modeling in fuzzy system is difficult.

131 Machine learning integrated with fuzzy
enabled system to learn optimum parameters
to  improve overall system performance.

Neuro Fuzzy Approach Integration helped in handling more
uncertainty which led to less human
intervention.

Uncertainties such as illumination changes
and shadow pose serious problems in
traditional background modeling
algorithms.

132 Neural Self Organized Map  integrated with
fuzzy’s automatic threshold update
mechanism makes model robust to
uncertainties present in state of art reported
models.

Neuro-fuzzy approach Thresholds and learning rates adapted
to dynamic environment
automatically.

Random noise due to sources of
disturbance in a scene affects object
detection and tracking performance.

133 TSK type fuzzy model may  be used to filter
noise in an efficient manner;

Adaptive Fuzzy using
PSO and Kernel least
mean square(KLMS)

The system provided relatively slower
convergence.

Insufficiency of shallow neural network
models and lack of efficient training
algorithm effects human action
recognition.

134 Hybridization of genetic algorithm and
convolutional neural is applied to improve
prediction of human actions in unconstrained
videos.

Genetic algorithm and
convolutional neural
network

Smoother classification results were
achieved using proposed approach.

The  use of single classifier reduces the
classification performance.

135 The overall classification performance is
improved by using a hybrid deep neural
network model using fusion of CNN classifier
with binary decoded outputs.

Hybrid deep neural
network

The multi-classifier approach is more
effective for detection of human action
in videos.

Difficulty of providing efficient driver
assistance system by traditional
approach.

136 The limitations of traditional method can be
reduced by estimating distances of lateral
vehicle using vision based neuro-fuzzy
approach.

Neuro-fuzzy approach The system provided benefits such as
lane detection, vehicle detection, and
distance measurement for lateral
vehicle.

Difficult to develop human behavior
analysis framework because of
uncertainty and vagueness in human
daily activities.

137 A time-delay neural network for analyzing
micro-behaviors and fuzzy inference system
for  analyzing macro-behaviors can be used for
human behavior modeling

Hierarchal Neuro-fuzzy
approach

The neuro-fuzzy system offered high
scalability and tolerance for
uncertainties that characterize human
behaviors.

The  insufficiency of MLPs and RBF network 138 Neuro-fuzzy approach generalizes training
ilar da

Neuro-fuzzy approach The blend of neuro-fuzzy network
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to  accurately model object because of
over learning training data.

data to infer output for sim

ill lead to testing of evolutionary studies on deep architecture for
etter and automatic feature selection, feature reduction that can
elp to reduce computational complexity of deep learning and aid

n developing better solutions.

. Other trends in object detection and tracking

Apart from traditional soft computing based methods, some of
ew concepts have been recently seen in the field of object detec-
ion and tracking. These can be classified as learning systems based
n representation and machine learning, knowledge based, repre-
entation learning and expert system based solutionss. This section
s devoted to discussions based on such new concepts.

.1. Learning based systems

The concept of learning has originated from pattern recogni-
ion and computational learning theory. It can be proficiently used
or development of computer applications that can autonomously

earn and make predictions based on new data. Such studies behave
ifferently from neural based learning methods in which weights
re adapted while features are more or less fixed. The studies dis-
ussed in this section tend to behave more like feature extractors for
ta correctly. approach demonstrated good
efficiency for classification and
prediction problem.

helping classifier in training. In order to prevent overlapping with
previously discussed approaches, only feature extraction meth-
ods and classifier training methods are considered. For classifier
training, numerous methods such as Adaboost, Support Vector
machines or their combinations have been used for object detec-
tion and tracking in videos. Hybrid models based on Adaboost
algorithm and convolutional neural network has been proposed
by Gao et al. [145] for counting of people based on detection of
heads. The general idea behind use of Adaboost algorithm was
to extract head regions for CNN which can significantly decrease
classification time. The AdaBoost-SVM classifier has the capabil-
ity to remove limitations of traditional cascade-Adaboost classifier
and also reduce time consumption of support vector machines
when applied to large-scale training sample sets. The research of
Cheng et al. [146] applied AdaBoost-SVM classifier for pedestrian
detection in videos. The proposed classifier can select AdaBoost
classifier or SVM automatically for development of a cascade
classifier with respect to training samples for improvement of clas-
sification performance. In a similar study, Guo et al.[147] has used

AdaBoost-SVM classifier for pedestrian detection in videos. The
proposed model operated in two  stages; First stage deals with seg-
mentation of pedestrian candidates from images using AdaBoost
algorithm and cascading method. The second stage deals with
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valuating whether a candidate is pedestrian or not. Support Vec-
or machine was used in second stage for training a pedestrian
lassifier. Finally, the pedestrian detection method was  evaluated
gainst traditional single-stage classifier, such as AdaBoost based or
VM based classifier. It was found to be more effective than both.
ecently studies based on use of support vector machines [148]
ave been gaining importance in the field of object detection and
racking in videos. Zhang et al. [149] proposed hybrid model for
bject tracking in videos where spatial constraints were exploited
sing regression model. The method applied three different sup-
ort vector machines for developing a tracker and hybrid support
ector machines were combined using a distributed strategy. The
xperiments on this technique indicated that proposed approach
as better than state-of-the-art. An algorithm for object tracking in

ideos based on Support vector machine was proposed by Cyganek
t al. [150] and [151]. They had used one-class SVM classifier with
ean shift tracker. A feature vector was built from components

f orthogonal IJK color space and structural tensor. In the devised
ethod, the structural tensor was evaluated in pixel regions to

ather information related to intensity variation. Output of SVM,
fter training using these features was softened and was inputted
o mean shift tracker. According to the study in [152], multi-view
earning framework was introduced using multiple support vector

achines for object tracking in videos. The method was constructed
y taking into consideration multiple view of features such as gray
cale value, histogram of oriented gradients (HOG), and local binary
attern (LBP). These features were used to train the support vec-
or machines. The update scheme based on subspace evolution
trategy was introduced to learn the changes in the object and the
cenario.

Representation learning [153] is a set of techniques in which
eature learning helps to extract needful information easily during
onstructing classifiers or predictors. Authors had exploited deep
earning, feature learning and clustering based methods under this
ategory. Most literature under representation learning domain has
tilized deep learning for object detection and tracking in videos.
u et al. [155] has used feature learning method based on sparse
uto-encoder (SAE), to handle problem of depth feature extraction
or human body detection in videos. SAE is unsupervised feature
eaning methods which can avoid the labor-intensive and hand-
raft feature design. The proposed method used convolution neural
etwork and pooling to decrease training complexity of SAE. Slid-

ng window localization strategy was proposed in which histogram
f depth was used to develop candidate detection window cen-
er. The method further exploited the relationship between human
ody height and depth to evaluate detection window size. Clus-
ering based representation approach has been used by Jia et al.
156] for detection of anchor person in news video sequence. Ini-
ially, new videos were divided into shots and thereafter key frames
ere extracted from every shot for representation of news video.

urther, statistical distance of Pearson’s correlation coefficient was
sed to perform clustering of key frames and anchorperson shots
as detected using anchor shot criterions.

.2. Knowledge based system

We  have seen some meaningful advances in the field of cre-
tion of knowledge bases for object detection and tracking system
n videos in recent years. Knowledge based systems help to develop
bject detection and tracking systems in an intuitive manner using
xamples for extracting information. These have been covered
nder statistical and syntactic approaches. Statistical approaches
nclude studies on Bayesian belief network and Hidden Markov
odels while syntactic approaches include studies on approxi-
ate reasoning of knowledge based system. Bayesian network has

ecome a popular choice for tracking objects in videos because they
puting 70 (2018) 423–464

have ability to model temporal relationship. A typical example of
such system can be found in the work of Yao et al. [157] where
multiple objects in videos were tracked based on Gaussian mixture
and dynamic Bayesian network. They applied mixture of Gaussians
with spatial prior for background segmentation and has used online
approximation approach for updation of the model. The authors
proposed use of dynamic Bayesian network for integrating multi-
cue in tracking along with hidden variables. Linear assignment
problem algorithm was then applied for model matching. Probabil-
ity based models such as Hidden Markov model [158–160] has also
been used extensively for object detection and tracking in videos.
Many researchers have embarked upon use of face clustering and
face tracking because they can provide promising information and
constraints to each other. In this respect, Wua  et al. [159] intro-
duced coupled Hidden Markov Random Field model for modeling
face clusters, face tracking and their interaction simultaneously.
This has been done by coupling two Hidden Markov random field
model. The joint optimization of cluster labels and face tracking
was done using constrained clustering and optimal tracking algo-
rithm. Other examples who  have used hidden Markov model for
object detection in videos includes work of Premaratne et al. [158]
and Vojir et al. [160]. In [158], authors have proposed a centroid
tracking approach using discrete hidden Markov model for dynam-
ically hand gesture recognition. The proposed system tracks hand
signs to evaluate how random signs were recognized by a com-
puter. The system initiates gesture when there is no significant
motion of centroid and ends it when centroid comes to a halt; in
between actions were considered as single dynamic gestures. The
system operated like a dynamic gesture recognition system which
uses Hidden Markov model for classification. The authors in [160]
introduced a technique for multiple tracking using hidden Markov
model. Their technique utilized hidden Markov model for fusion
of non-uniform observables and an on-line learned high-precision
detector was  exploited for pose prediction of multiple complemen-
tary trackers. The Hidden Markov model was  trained to estimate
the state of the tracker in an unsupervised manner.

Syntactic approaches have been defined using domain specific
predicates and functions which act as a basis for facts about the
knowledge base’s domain. Approximate reasoning is one of the
important methods of syntactic approaches for object detection
and tracking in videos. In [161], a method of action recogonition was
presented by Benitez et al. in videos using approximate reasoning
and finite state machines. This approach modeled detected objects
as a linguistic element of video sequence. Mealy machine was
used as an analysis technique for representing predefined actions.
Experimental results had proven promising results on real traffic
video sequences. The researchers in [162] designed vehicle detec-
tion grammar for vehicle detection and handling partial occlusion.
The vehicle detection grammar was  implemented using constructs
of Support vector machine grammar. In the first split, they classi-
fied vehicle into constituent parts called semantic parts. While in
the second split semantic parts were further divided into sub-parts
automatically which was further modeled into grammar model.
Then the grammar model was  trained using appropriate training
procedure to obtain training parameter and thereafter detection of
vehicle was done with respect to grammar model.

7.3. Expert system based approaches

Expert system is a powerful tool which mimics decision making
ability of humans [163]. The use of expert system for recogni-
tion of handwritten digit was  address in the work of Alvarez et al.

[164]. The method tends to consider numeric handwritten charac-
ters decomposed into vertical and horizontal strokes and dynamic
zoning was used to extract features. The knowledge base used
by the algorithm was developed from a decision tree structure in
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hich all well formatted strings with digits definition was  stored. At
ast, the system used inference engine to achieve digit recognition
y matching unknown digits with well-trained knowledge base.
he experiments were carried out on MNIST handwritten database
nd results were encouraging for the proposed approach as com-
ared to conventional approaches. The research work by Yaya et al.
165] presents expert system for detecting broken driving rules for
afe driving system. The method uses rule matching algorithm for
hecking information about the car, driver and environment against
he typical driving behaviour, driver conditions etc. The paper has
pplied rule matching algorithm based on Rete algorithm. The sys-
em was developed for deciding whether it was necessary to show
river driving recommendation or not. The driver profile was stored

n the knowledge base. The predicted data and information stored
n knowledge base was used by expert system to make decision. The
ecision task consists of two modules namely The “Rule and Data
lement Selector” and the “Inference Engine”. The “Rule and Data
lement Selector” was used to detect broken driving rules, changes
n the current driving behaviour from the typical driving behaviour
nd uncommon driver conditions, etc. The detection of irregulari-
ies was passed to inference engine which decides whether to show
river recommendation or not, which was based on reaction of the
river to an already given recommendation.

.4. Tracking-by-detection

Object tracking in realistic scenario is often a very challenging
ask. To improve the performance of object tracking in real time
nvironment, tracking by detection has become popular. Track-
ng by detection consists of training a classifier online, inspired
y statistical machine learning methods, to predict the presence
r absence of the target in an image patch. This classifier is then
ested on many candidate patches to find the most likely location.
oth detectors and trackers can work simultaneously aiding each
ther to improve long term detection or tracking accuracy. Impres-
ive performance was achieved in proposed work of Kalalal et al.
200]. A long term tracking framework decomposed into three tasks
f tracking, learning and detection was proposed. Every task was
o be addressed by one component which operated concurrently.
he tracker estimated the object from frame to frame. The detector
ndependently scanned all the frames to localize all the observed
ppearance. The performance of both tracker and detector was
valuated by learner for estimating detector’s error and updated
hose errors to avoid them in near future. Two types of expert i.e. P-
xpert (recognize missed detections) and N-expert (recognize false
larms) were employed to analyze the response of detector for false
larms. The P-N learning paradigm was incorporated for evaluating
etector in every frame of the video. The training set was  aug-
ented with the estimated alarms of the detector and re-training of

he detector was done to avoid these errors in the future. Motivated
y the achievement of tracking by detection approach, Breitenstein
t al. [201] employed particle filter framework for multi-object
racking in videos. They implemented first–order Markov model
nd incorporated the output of detector to be used as an observa-
ion model. The algorithm will initially assess the detection in each
rame and one of these will be selected for guiding the tracker for a
articular target. The classifier was trained for each target and the

ntermediate, continuous confidence measure of object detector

as also exploited. Output of both output was integrated finally by

racker into observation likelihood. More studies employing track-
ng by detection approach for object tracking in videos are available
t [202–204].
puting 70 (2018) 423–464 451

7.5. Ensemble tracking

The idea of ensemble methodology is to build a predictive model
by integrating multiple models. Ensemble methods use multiple
learning algorithms to obtain better predictive performance than
could be obtained from any of the constituent learning algorithms
alone. Shai Avidan [205] proposed an ensemble tracking frame-
work for object tracking by incorporating combination of weak and
strong classifier. The methodology works by constantly updating a
collection of weak classifiers to separate the foreground object from
the background. The weak classifiers can be added or removed at
any time to reflect changes in the object appearance or incorpo-
rate new information about the background. Each weak classifier
was trained on positive and negative examples where examples
coming from the object are considered positive and examples com-
ing from the background as negative examples. The pixels of an
image were mapped to feature space. 11 dimensional feature vec-
tor that is formed by the combination of local orientation histogram
and pixel colors was  used by classifiers. The ensemble of weak
classifiers is combined into a strong classifier using AdaBoost. The
strong classifier was  then used to label pixels in the next frame as
either belonging to the object or the background, giving a confi-
dence map. The peak of map  corresponded to object’s location and
was found using mean shift algorithm. Temporal coherence was
maintained by updating the ensemble with new weak classifiers
that are trained on-line during tracking. Prior knowledge about the
object to be tracked was incorporated the tracker as one or more
weak classifiers that participate in the strong classifier, but cannot
be removed in the update stage. The work was further improved
to handle occulusions by addition of particle filter. The approach
of Qinxun Bai et al. [206] differs from the other approaches as
instead of trying to compute deterministic optimal weights for
the weak classifiers, they characterized their uncertainty by intro-
ducing Dirichlet distribution, and draw random samples to form
a randomized voting classifier. The parameters of Dirichlet were
updated in Bayesian manner. This has helped strong classifier to
adapt to the varying appearance, backgrounds, and occlusions.
The randomized ensemble tracker was tested in experiments on
numerous tracking sequences, that demonstrated robustness of
proposed even without motion prediction. A summarization of var-
ious ensemble based classifier methods was  first presented by Lior
Rokach [207]. The paper discusses the ensemble process in detail
and conventional ensemble based methods applicable in statistics
and AI. Studies on methods for combining base classifiers outputs
as weighting methods and meta-learning methods are discussed.
Weighting methods are useful if the base-classifiers perform the
same task and have comparable success. Meta-learning methods
are best suited for cases in which certain classifiers consistently
correctly classify, or consistently misclassify, certain instances. The
survey further discusses studies that differ on diversity genera-
tion, provides an overview of studies on selection of how many
and which base classifiers to use. The survey also highlights stud-
ies on multi-strategy ensemble tracking. [208] is one of the latest
attempts to summarize the growth of ensemble based classifi-
cation methods. The study has classified ensemble methods into
conventional ensemble methods such as bagging, boosting and ran-
dom forest, decomposition methods, negative correlation learning
methods, multi-objective optimization based ensemble methods,
fuzzy ensemble methods, multiple kernel learning ensemble meth-
ods and deep learning based ensemble methods. The discussion of
deep learning based ensemble methods is one of the highlight of
the manuscript.
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C8:-Pseudo Code for Robust Discriminative Tracking via
tructured Prior Regularization [218]

In order to overcome inaccuracies during tracking process Yuan-
ao Yu et al. [218] proposed another ensemble based technique by

orming a reliable generative model to support learning process.
he proposed algorithm consists of three modules, the appear-
nce model, the structure model, and the optimization algorithm.
he appearance model was responsible for preserving similarity
n appearance by maintaining a built-in semi-supervised Random
orest classifier with Dirichlet-multinomial parameters having loss
unction La. The structure model was used to localize the target by
dentifying the most similar structure pattern using its loss function
s. Tracking was formulated as a prior regularized semi-supervised
earning problem, in which objective function was defined as Ls+
a. A Global optimization function was obtained by making use
f the structure loss function as a regularization term added to
he appearance loss function. Optimization made use of a decision

aker (DM) to find the Pareto optimal solution for the proposed
bjective function.

.6. Correlation filters based studies

Correlation filter based trackers model the appearance of objects
sing filters trained on example images. The target is initially
elected based on a small tracking window centered on the object
n the first frame. Tracking and filter training work together there-
fter. The target is tracked by correlating the filter over a search
indow in next frame; the location corresponding to the maxi-
um value in the correlation output indicates the new position

f the target. An online update is then performed based on that
ew location. Correlation filters can track complex objects through
otations, occlusions and other distractions at much faster rate
han state-of the-art techniques. Naive methods for creating fil-
ers, such as cropping a template from an image, produce strong
eaks for the target but also falsely respond to background. Average
f Synthetic Exact Filters (ASEF), Unconstrained Minimum Average
orrelation Energy (UMACE), and Minimum Output Sum of Squared
rror (MOSSE) [209,210] produce filters that are more robust to
ppearance changes and are better at discriminating between tar-
ets and background. In [209], the targets appearance was  modeled
y adaptive correlation filters, and tracking was performed via con-
olution to create a fast tracker in which correlation is computed
n the Fourier domain using Fast Fourier Transform (FFT). Fourier
ased techniques are extremely limiting therefore more powerful
eatures like kernel methods for correlation filters have been pro-
osed in [211,212]. Kernel filters tend to ignore the spatial structure
f image. J. F. Henriques et al. [213] proposed a new variant of the

ernelized Correlation Filter (KCF) tracker to cope with changes in
atural images. This classifier was typically trained with translated
nd scaled sample patches based on Histogram of Oriented Gradi-
nts (HOG) features instead of raw pixels. They also proposed a fast
multi-channel extension of linear correlation filters knows as Dual
Correlation Filter (DCF) with low computational complexity.

8. Datasets

Due to numerous affordable commercial sensors released,
object detection and tracking in videos have gained more and
more popularity. In recent decade a large number of datasets have
been designed by researchers to evaluate performance of different
algorithms. For this purpose, several datasets are made publically
available to researchers and developers. The recent availability
of object detection and tracking datasets has led to many new
discoveries in computer vision field. Selection and availability of
benchmark dataset is first major step towards global acceptance
of a specific algorithm. For benefit of research community, authors
decided to gather a list of available dataset for evaluation of algo-
rithms in domain of soft computing. [214] is a multiple target
tracking dataset that can be used for evaluation of various types of
applications such as pedestrian detection, short term tracking etc.
It consists of existing public videos, latest challenging sequences,
and is open for new submissions. This framework provides vari-
ous challenges with subsets of data for specific tasks such as sport
analysis, 3D tracking etc. It also provides evaluation tool for dif-
ferent measures such as recall, precision provided in Jason format.
The encoding color information benchmark [176] for visual track-
ing compiled 128 video sequences with ground truth and challenge
factor annotations. It also encoded 10 chromatic models with 16
selected state-of-the-art visual trackers. This purpose of developing
this dataset was  to guide and motivate young group of researchers
for research on encoding color in visual tracking. Various chal-
lenging factors that affect visual tracking performance were also
included. NUS-PRO dataset [215] stands for NUS- People and Rigid
dataset designed for usage in object tracking algorithm evaluation.
It comprises of 365 pedestrian and rigid object image sequences.
This dataset is publically available for research on tasks such as
object detection, object classification, etc and contains sequences
captured via moving camera.

The Visual Object Tracking (VOT) challenges [216] provide visual
tracking community with a precisely defined and repeatable way
of comparing short-term trackers as well as a common platform
for discussing the evaluation and advancements made in the field
of visual tracking. The goal of various challenges is to build up a
repository of considerable benchmarks to push forward research
in visual tracking. VOT benchmarks datasets are available in dif-
ferent variants. VOT 2013 comprises of 16 video sequences which
were chosen based on clustering visual features of object and

background. It contains image directories for each sequence and
annotation of the axis aligned bounding box marking the object per
frame. VOT 2014 comprises of 25 video sequence from VOT’s 2013
and ALOV dataset. The annotation of the sequence was  done using
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Table 6
Commonly public available object detection and tracking datasets.

Dataset Format Year Type of problems Purpose & Description Source of video Description of Ground
Truths

Areas of applications All studies

Wallflower [166] Images 1999 Several different
background maintenance
algorithms are tested on
seven different image
sequences.

This dataset contains 7
video sequence and one
ground truth for each video
sequence which represents
problematic scenario for
background maintenance

Recorded indoor and
outdoor videos

Hand-segmented
ground truth

Dynamic Object Detection
in videos with Real
Scenarios [30], object
detection in videos [62]

[30,32,56,62]

CAVIAR [167] Videos 2002 City Center Surveillance
and automatic Analysis of
Customer Behavior

Designed for development
of algorithms to describe
and understand video
scenes.

Recorded indoor and
outdoor videos

Bounding Boxes and
action annotation

Moving object detection
and tracking in videos
[92,116], tracking multiple
targets in videos [103],
Human behavior analysis
from videos [126].

[40,92,103,126,116]

AVSS [168] Videos 2007 Developed for detecting
abandoned objects.

This is a dataset for event
detection and is a sub-set
of  the i-Lids dataset

Videos from CCTV
footage

object and action
labels, in XML

Object detection based on
behavior patterns [72]

[72]

Weizmann human
action dataset [169]

Videos 2007 It is the first human action
video datasets

Formed by a unique long
sequence of around 6000
frames, displaying different
people, wearing different
clothes, and performing
four activities: running in
place, waving, running, and
walking.

Recorded indoor and
outdoor scenes

Temporal annotations
(name of the actions
for each frame)

detection of human actions
[75]

[75]

VidTIMIT [170] Videos 2009 Video and corresponding
audio recordings of 43
people, reciting short
sentences.

This dataset is proposed for
automatic lip reading,
multi-view face
recognition, multi-modal
speech recognition and
person identification.

Videos from different
sources

Simple action
annotation

Object tracking in videos
[113]

[113]

UCF50 [171] Videos 2010 UCF50 is an extension of
YouTube action dataset
providing more action
example

CF50 is an action
recognition dataset with 50
action categories,
consisting of realistic
videos taken from YouTube
in 2010.

Videos from web
(indoor and outdoor)

Frame ranges,
bounding boxes, action
annotation, in VIPER

Human action recognition
[123,124]

[123,124]

CVPR2013 [172] Videos 2013 Provides realistic challenge
to  tracking in videos

CVPR2013 tracking
benchmark which contains
50 fully annotated image
sequences.

Videos from different
sources

Bounding boxes and
action annotation

Object tracking in videos
[50–52]

[50–52]

CVPR2015 [213] 2015 CVPR2015 tracking
benchmark contained
ground truth object
positions and sequence of
attributes were introduced
for performance analysis.
integrated most of
publically available
trackers into one library
with uniform inputs and
outputs
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Table 6 (Continued)

Dataset Format Year Type of problems Purpose & Description Source of video Description of Ground
Truths

Areas of applications All studies

ETH [173] Videos 2011 Contains three video
sequence and variation lies
in pedestrian appearance.

Commonly used by
researches for human
detection

Recorded indoor and
outdoor videos

Bounding Boxes and
action annotation

Multi target detection for
tracking applications [48]

[48]

ETISEO [174] Videos 2011 Created for improvement
of robustness in video
surveillance algorithm and
dependencies between
algorithms and conditions
of use.

Videos are grouped into
five topics: apron, building
corridor, metro, road and
building entrance.

Recorded indoor and
outdoor videos

General attributes
(sequence id, etc.),
scene attributes
(In/Outdoors
sequence), video
acquisition (camera
calibration, etc.),

Object tracking in videos [47,67]

RGB-D People [175] Videos 2011 Dataset contains RGB-D
frames acquired in
university hall from three
vertically mounted Kinect
sensors

Provides on-line evaluation
of both RGB and RGBD
tracking algorithms for
generic objects. 100 RGBD
tracking datasets along
with RGBD tracking
software with source code.
An on-line submission
script that allow to
evaluate tracking
algorithm in their
framework.

Recorded indoor and
outdoor videos

Per-frame bounding
box annotations of
individual people,
together with visibility
measure provided in
.jason format.

Tracking people in RGBD
videos [49]

[49]

OTCBVS [177] Videos 2011 Used for testing and
evaluating novel and
state-of-the-art algorithms

The benchmark contains
videos and images
recorded in and beyond the
visible spectrum.

Infrared and Thermal
videos

Bounding boxes Object tracking in videos
[106]

[106]

BMC  [178] Videos 2012 Developed for detection of
moving objects, motion
estimation.

Synthetic videos and real
videos for evaluation
purposes with encrypted
ground truth.

Recorded indoor and
outdoor videos

Frame ranges with
action annotation

Object detection in videos
[32], automatic motion
analysis for dynamic object
detection in videos. [121]

[30,32,33,121]

Changedetection.net
2014 [179]

Videos 2014 2012 problems and
incorporated additional
challenges: Challenging
Weather, Low Frame-Rate,
Night, Air Turbulence.

Used for testing and
ranking algorithms for
change and motion
detection. Matlab and
Python programs are
available to compute
metrics described on 2012
and 2014 results.

Recorded indoor and
outdoor videos

Bounding boxes and
ground-truth contain 5
labels: static, hard
shadow, outside region
of interest, unknown
motion, motion

Object detection in videos
with scene-specific data
[41]

[41,32]

PETS [180,181] Videos 2001−2
2007, 2015

This dataset is used for
testing visual surveillance
algorithms.

This dataset can be used for
detecting abandoned
objects.

Recorded indoor and
outdoor videos

Bounding boxes Object detection for
surveillance applications
[116], object-tracking in
videos [112], object
detection in videos [61,62].

[46,56,61,62,103,112,116]
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Fig. 9. Sample image

otated bounding boxes. VOT 2015 comprises of 60 video sequences
rom OTB2 dataset, ALOV dataset, non-tracking dataset, computer
ision online, data wrangling, etc. VOT 2016 video sequence was
ery similar to VOT2015 but VOT2016 ground truths were more
ccurate than VOT2015. Some of the available benchmark datasets
hat can act as a brief guideline for researchers for evaluation and
erformance comparison of their algorithms are presented in this
ection and Fig. 9 shows some sample images captured from avail-
ble datasets. Almost all datasets are shipped with truth values in
orm of binary frames and all of datasets are publically available
xcept a few where user is supposed to sign a contract. The datasets
lso provide facility for downloading source codes for some of the
mplemented methods which can be very helpful for researchers
n building their own solutions. A collection of all datasets used by
esearchers for evaluation of various soft computing based solu-
ions is presented in Table 6. The table also lists year in which
ataset was made available along with specific type of problem for
hich datasets were designed and tested. The table also provides

ome basic description of dataset and source from where videos are
aptured. Elaborations on available ground truth and types of appli-
ations on which these datasets have been tested are also listed.
nformation about the specific areas of application of dataset and
etails of study on which it has been used is provided in column
. The last column provides reference of studies on which specific
ataset have been used.

In summary, Wallflower and PETS provides videos dedicated for
ideo surveillance. CAVAIR dataset is dedicated to automatic anal-
sis of customer behavior and city center surveillance. BMC  dataset
rovides synthetic and real videos and in addition videos are sepa-
ated into two folders for learning and testing. Changedetection.net
ontains infrared videos along with scripts for testing and evaluat-
ng own methods. OTCBVS dataset also contains videos and images
ecorded in and beyond the visible spectrum while AVSS contains
CTV footage. Although, in older dataset ground truth provided
ere limited to manual annotations but the majority of modern
atasets provide high quality ground truth images or frames along

ith other details like bounding box parameters, regions of interest,
otion etc. It can be observed that PETS, Wallflower CAVAIR along
ith BMC  dataset are more commonly used datasets by researchers

s compared to others.
 available Datasets.

9. Challenges in object detection and tracking in videos

Accurately detecting and tracking object from a video sequence
is a challenging task because of the fact the object can have com-
plicated structure and can change shape, size or orientation over
subsequent video frames. Designing efficient and accurate system
is always a big challenge. Fig. 10 shows various issues and major
challenges for moving object detection process in videos. These
challenges arise because of occlusions, short comings of capturing
devices, variations in scenes or appearance, shadows of the objects
appearing in the frame. These tend to degrade the performance of
the developed algorithm and results of detections may  be poor.
To overcome these challenges, the developed algorithm must take
care of these issues while proposing solutions for specific applica-
tions. The major design issues are summarized in this section that
can act as various challenges for researchers to focus upon.

1. Low quality of Image capturing tool results in generation of
noisy or blurry image that in turn leads to false detection. The
image could also be noisy because of weather conditions like
rain, fog etc. The system shall be able to work in noisy images
and able to detect the objects in videos with precise boundaries.
The quality of camera deployed for capturing images need to be
considered together with the weather conditions.

2. Camera jitter makes the captured object look blurred with pro-
longed boundaries. The proposed system shall provide effective
ways to handle camera jitter that occurs due to high velocity
winds blowing at time of image capturing. The detection method
shall be able to overcome this limitation.

3. Video captured on moving cameras like cameras installed on
top of vehicles add another dimension to this already challeng-
ing area. The movement of camera needs to be simulated by the
algorithm for effective and accurate object detections. The prob-
lem of moving object detection within moving camera is one of
the most happening areas being explored by researchers.
4. Changes in illumination can occur because of presence or disap-
pearance of a light source in background for eg bulb, tube light,
sun etc Rapid Illumination changes in the scene of interest lead
to false detections in consecutive frames or over multiple frames.
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Fig. 10. Major issues in object detections and tracking.

Fig. 11. Example of dynamic background (a) moving water in sea (b) fountains.

F ng car

5

6

ig. 12. Sample images showing shadows (a) Flying plane with its shadow (b)movi

The developed solution shall be able to work on different levels
of illuminations.

. Rapidly varying background also complicates detection process.
The dynamism in the video may  result because of minor move-
ments in background because of heavy winds blowing; object
moving quickly, underwater images etc. see Fig. 11. Varying
background makes false detections more prevalent in the final
detected object frame. The designed system shall be able to sim-
ulate effects of dynamic backgrounds.

. Shadows coming from background object or moving object can
be detected as foreground, Fig. 12. Shadows must be clearly
detected separated from correct object. Some suitable method

must be employed for this purpose, there are studies to help the
researchers overcome this issue and readers are advised to go to
[182,183] for further details.
 (c)shadow of standing plane (d) shadow of object (top left to bottom right).

7. Occlusion:  In a video sequence object of interest may  fall behind
another object which is present in the current scene. This is
known as occlusion. Fig. 13 shows some examples of occluded
objects. Occlusions may  occur in partial or full and in both cases
can be treated as a major research challenge. Occlusion result
in overlapping of detected boundaries and wrong calculation
of number of objects. Some methods have been applied suc-
cessively to deal with occluded objects but it remains still a
challenging task to overcome this issue and make appropriate
detections.
10. Analysis and inferences

This section provides some insights about the progress of vari-
ous techniques for benefit of audiences and some analysis done by
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Fig. 13. Examples of Occlusions (a)persons occluding each other (b)person completely o
(top  left to bottom right).
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grouped various studies arranged in chronological order along with
Fig. 14. Relative share of various approaches.

uthors is discussed. The first analysis portrays relative share of a
pecific technique among other techniques. It is presented to make
udiences aware about growth of different techniques with respect
o each other in the present scope in terms of share in publica-
ions. Fig. 14 gives an observation that neural network based object
etection and tracking approaches have been most targeted area as
ompared to other techniques. This comes from strength of neural
etwork in their ability to provide generalized solutions through
n architecture which is able to learn to improve its performance.
echniques based on fuzzy logic and evolutionary approaches also
njoy a fair share however it is presented that hybrid models are
east commonly used models for object detection and tracking in
ideos, therefore, research efforts focused on development of appli-
ations using hybrid techniques to improve object detection and
racking performance can be expected in future. This can also be
bserved from the chart that overall number of studies on object
etection methods is more as compared to object tracking methods
nd this trend follows among individual subcategories also. Under
ybrid techniques, development of object detection methods has
een more rapid as compared to tracking methods. This may  be
ecause of computational complexities associated with implemen-
ation of these studies. This is an indication of the fact that more
umber of studies for tracking are likely to be seen in the near future
argeting hybrid techniques.

Fig. 15 presents the statistical summary of the different datasets
hat have been used for evaluating object detection and track-
ng techniques in videos. Various soft computing techniques are
epresented along X-axis while their relative contribution in per-
entage is projected along Y-axis and legend entries correspond
o specific datasets. Those datasets whose use is above a specific

hreshold value have been included for brevity and to make results

ore meaningful. The observation shows that majority of evalu-
tions have been done by researchers using videos captured by
ccluded by another person, (c)-(e) parts of human body occluded partially or fully

themselves or from videos available from the web. This is true
across all the four categories. PETS with its different variant is most
commonly used datasets as compared to others for almost all tech-
niques while use of UCF50, RGB-D people dataset and real time
videos are least explored by researchers. Use of CAVAIR dataset is
common in various application developed with evolutionary and
hybrid approaches. Neural network based techniques have been
tested across almost all datasets while studies based on fuzzy logic,
hybrid or evolutionary algorithms have been confined to limited
number of datasets. This can be concluded that more testing of
applications developed in field of hybrid or evolutionary algorithms
is required with diverse datasets which can be another research
area for future exploration.

Fig. 16 depicts correlation between soft computing techniques
and applications on which they are employed in terms of number of
papers published. The graph is useful in demonstrating strengths of
various approaches in proposing solutions for specific application.
Different applications have been categorized into four categories
for brevity and to make the graph meaningful and concise. Type
A consists of surveillance and traffic based applications like video,
traffic, marine flow monitoring, vehicle stopped in parking etc. Type
B consists of applications developed for pedestrian, human motion
detection and tracking; type C groups together application devel-
oped for detection and tracking of any other objects like animal,
tumor detection etc; Type D consists of applications developed for
real time videos or sports sequences etc. According to graph, neu-
ral network and fuzzy logic based techniques are more common
solutions for almost all types of applications, this may  be because
of their relative simplicity and the fact that these theories have
relatively longer history and dissemination. On the other hand,
progress of evolutionary approaches has been less common overall
apart from application type C where they have shown remarkable
promise. The contribution of hybrid techniques shows rare util-
ity for various applications except for applications of type C and
may  be seen as future area for active research. The graph also sug-
gests that development of solutions for real time applications can
be another future area of research as number of studies in this field
for all categories is almost negligible.

Another form of analysis, in which various studies were com-
pared for their skills to handle specific research challenge are
presented in Table 7. Table 7 provides analysis of studies w.r.t var-
ious challenges along with various performance analysis metrics
pursued on object detection and tracking in videos. The table has
major techniques employed. The first column of table describes
study employed along with major technique used in the study for
handling specific challenges. Various challenges have been tabu-
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Table 7
Summary of the challenges along with evaluation metrics used for soft computing based strategies for object detection and tracking in videos.

Challenges
undertaken

Dataset Performance  Analysis*

Qualitative Quantitative  Other
parameters

Study  with  employed  Strategy  Camera
Jitter

Noisy  Image  Dynamic
Background

Illumination
changes

Shadow
detection

Occlusion  Others  F  P  R

[92]  Tracking  based  on  fuzzy
membership  function,  2006

× √ × √ ×  ×  Background  clutter  infra-red  image  sequences
and CCD  images

√ ×  ×  ×  RMSE  =  4.062
Normalized  error  rate  =  0.069

[33],  Self  organizing  Map,
2008

√ × √ √ ×  ×  camouflage
bootstrapping

five  different  sequences  for
video surveillance

√
0.95  0.89  0.84  Similarity=0.80

[91],  fuzzy  hostility,  2009 × √ √ √ × √
–  time-ordered  frames  of  video

sequence  of  F-16  fighter  Plane

√ ×  ×  ×  Computational  time  =  3.33ms

[46],  Convolution  neural
network,  2010

×  ×  × √ × √
Scale  and  View
Changes

challenging  video  sequences  ×  ×  ×  ×  Position  error=2.88  (occlusions)
Position  error  =  7.85  (indoor)

[127],  Neuro-fuzzy  approach,
2010

×  × √  √ ×  ×  ×  publicly  available  sequences
√

0.9  0.9  0.87  Computational  complexity  O(n2NM)  n
is the  number  of  weight  vectors  used  to
model each pixel  and  N  ×  M  is  the
image dimension.

[60],  Fuzzy  Particle  filter,
2011

×  × √ √ ×  ×  Background  clutter  indoor  and  outdoor  sequences
taken  by  fixed  camera

×  ×  0.6886  o.8843  Number  of  different  fuzzy  measures  like
fuzzy  divergence,  fuzzy  minmax,
contrast  de-enhancement,  fuzzy  NAD,
GTI etc.

[49]  radial  basis  function
network,  2011

×  × √ √ × √
dynamic  change  in
object  appearance,
scale/size

fixed  camera  sequences
√ ×  ×  ×  RMSE  =  2.1

Average  deviation  in  terms  of
Center  =  2.4;  Width=2.9;  Height=1.8

[98],  Simulated  annealing
based  optimization,  2012

× √ √ √ ×  ×  – CAVIAR  (2010)  ×  0.7075  0.6209  0.8223  AFR  0.7223
AOC =  0.8484

[87],
fuzzy  logic,  2012

× √ × √ × √
Dynamic  change  in
Objects

real  life scenarios
√ ×  ×  ×  RMSE  position=8.85px

RMSE  rectangle  size  =  4.88  px
Processing time  per  cycle  =  22.64  ms

[114]  particle  swarm
optimization,2013

×  × √ √ × √
–  CAVAIR,  Oxford  and  PETS

2009

√ ×  ×  ×  Oxford  |  PETs  MOTA|84.8%  |83.0%
MOTP|80.5%|86.4%
MT |79.6%  |94.7%
ML  |18.7  |  5.3%
PT  |1.7%  |  0.0%

[86]. Fuzzy  particle  filter,
2013

√ √ √ √ √ √
Background  clutter  Video  sequences  obtained

from in  vehicle  camera

√ ×  ×  ×  average  time=0.142ms
MSE=4.1

[77],  Fuzzy  rule-based
reasoning,  2013

× √ √ ×  ×  ×  – Soccer  video  dataset
√

78.67  76.12  81.78  No.  of  detectable  events  =  7

[123],multi-feature  PSO,2014  × √ × √ × √
Complex  Object
shape/motion
Background  clutter

PETS,  FLIR  dataset.
√ ×  ×  ×  No.  of  failures  =  39/1505

Accuracy=8.334;
TRDR, OSR  etc.

[32],  Self  organizing  Map,
2014

× √ √ √ ×  ×  Camouflage  Wallflowers,
PETS

√
0.8020  0.8005  0.8138  PSNR  =  42.6204

Dscore  =  0.0073
Ssim =  0.9638

[132],  Neuro-fuzzy  approach,
2015

× √  √  √  √ ×  Camouflage,  dynamic
objects,

BMC
√

0.7850  0.8232  0.7543  PSNR  =  42.4361
Dscore  =  0.0060
Ssim =  0.9573

[45],  mean  shift  and  radial
basis function  neural
networks  2015

×  × √ ×  × √
Scale  variations,
background  clutters

PETS  2007  ×  ×  ×  ×  FET  =  450
NNTT  =  2.43  s

[34],  Self  organizing  Map,
2016

√ × √  √  √ ×  stationary  objects  of
interest  became
dynamic

BMC
√

0.7419  0.6533  0.8582  Psnr  =  36.8502
Dscore  =  0.0054
Ssim =  0.9559

[54],deep  Learning,  2016
(NIN)

× √ √ √ × √
Background  clutter  CVPR2013

√
0.611  ×  ×  OPE=0.452

[53],deep  convolutional
neural  network,  2016

×  × √ √ × √
Background  clutter  CVPR2013

√
0.684  ×  ×  OPE=0.472

[120],  adaptive  discrete
swarm  optimization,  2016

√ × √  √ ×  ×  changing  scale  of
object,  unexpected
object motion

video  from  Visual  Tracker
Benchmark

√ ×  ×  ×  error  position  (pixel)  per  frame  =  78
0.3242  Processing  time  per  frame  =  2
0.870ms

[43],  deep  convolutional
neural  network,2016

√ × √ √ √ ×  Night  videos,  Bad
weather  Low  frame
rate

2014  CDnet
√

0.9046  ×  ×  FBaseline =  0.9813
FJitter =  0.9020
FDynamicBG =  0.8845
FShadows =  0.9454
FBadWeather = 0.9264
FNight =  0.7565

F → F-measure MT → Mostly tracked AFR → Average Fragmentation (AFR) FET → feature extraction time AOC → Accuracy of Object Count P → Precision PT → Partially tracked MSE  → Mean signal to noise ratio TRDR → Tracker
detection rate PSNR → Peak signal to noise Ratio R → Recal MOTA → multiple object tracking accuracy OSR → Occlusion success rate NNTT → Neural network test time ML  → Mostly lost MOTP: Multiple object tracking precision
OPE  → Overlap precision SSIM → structural similarity
*Values as extracted from result section of original papers
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Fig. 15. Types of datasets used in various soft computing based approaches for object detection and tracking in videos.
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ig. 16. shows frequency of publication (along y-axis) under each category of soft
-axis).

ated column wise and intersections demonstrate applicability of
he study to a particular challenge. In order to provide a deeper
erspective into effectiveness of a particular approach, values of
arious parameters used for evaluation in their result section are
lso listed. Good value of a particular metric indicates that proposed
ublication has been successful in handling listed challenges. It can
e observed that a large number of metrics are used for evaluation
f diverse soft computing techniques. Precision, Recall, F-measure
re most common metrics for both detection and tracking where
s object tracking methods have been commonly evaluated using
MSE, computational time, no. of failures, etc. Although these met-
ics are commonly practiced but measures based on bounding box
omparisons also find a good number of references in studies. The
ndicative values of these parameters are also specified as part
f table along with their names. Readers are advised to refer to
ndividual studies for further details and discussions. It can also
e observed that a considerable amount of object detection and
racking related publications have been evaluated qualitatively. It
an be observed that illumination change along with handling of
ynamic background is widely targeted research challenge and
nds implementation with all major soft computing approaches.
andling of noise and occlusions in videos is the second sought
fter research challenge for which major studies based on fuzzy
ogic and evolutionary based algorithms have been used. There
as been little progress in handling of camera jitter and shadow

etection although some studies have tried to provide solutions
or these areas but it still remains a major research challenge.
he purpose of this classification is to provide researchers with

 quick guide to make them aware as what sorts of algorithms
uting approaches (color coded) used for different categories of application (along

have already been implemented to overcome certain challenges
and what algorithms to explore for further research. Furthermore,
when real time performance is desired, object detection and track-
ing in video sequences is still an open research field with various
issues/challenging research opportunities. There have been sub-
stantial improvements in results with advent of techniques like
deep learning, deep convolution networks and hybrid approaches
but this topic still remains a major research challenge.

10.1. Selection of algorithms: some guidelines

Selection of algorithm for a specific application is tough task
and to increase effectiveness of object detection and tracking pro-
cess in videos, existing soft computing based approaches should
be selected carefully based on purpose and characteristics of the
applications. Some guidelines are discussed here in this section.

It can be inferred from analysis done that for applications where
critical situations such as sudden illumination changes, random
noise can affect detection process, feed forward neural network
based approach is used as an efficient tool for classification example
in [22,25]. For applications that suffer from dynamic background,
annoying noise etc. self organizing maps have been successfully
employed, corresponding studies can be found at [28,29,32–35].
Self organizing map  approach is capable to detect anomalous
objects in videos but major limitation of self organizing map is

that they are computationally much expensive. Conventional Neu-
ral Network are not much suitable for object detection in real time
applications because of long periods of computation in the train-
ing process as is clear from articles [24,26,27]. These studies have
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sed competitive Neural Network approach to perform parallelized
bject segmentation to achieve better object detection in com-
lex real time video sequence. Another direction towards efficient
bject detection and tracking to handle background clutter, occlu-
ions, dynamic background or noisy images were given by deep
earning neural network at studies [50–53]. Deep learning based
onvolutional neural networks can also be used to handle night
ideos, bad weather, low frame rate etc. Fuzzy logic had been great
uccess in the past for applications that suffer from high level of
ncertainties. Therefore in [68], fuzzy integrals were applied in
ggregation step to provide better classification of pixels either to
oreground or background. Type-2 fuzzy Gaussian mixture model
pproach offered capability to handle higher dimensions of uncer-
ainty which resulted in smoother classification results in articles
57,59,60]. Fuzzy particle filters implemented by number of studies
n [80–83], it increases robustness of the system as it can han-
le system complexity by compromising low number of particles.
uzzy classifiers can also be safely used for detection and tracking
n videos under several dynamic environment conditions.

Optimization approaches for object detection and tracking
bjects in videos have been proposed aiming to improve classifi-
ation of pixels either to foreground or background. Entropy based
imulated annealed background subtraction method in [98] is used
or optimization because of its effective exploitation within search
pace and capabilities to avoid local minima. Optimization stud-
es like Particle Swarm Optimization have been implemented for
racking multiple objects. The success rate of these applications
as been found to be better than Kalman filter or other con-
emporary techniques. Multi feature particle Swarm Optimization
pproach offers a solution towards low accuracy of conventional
article Swarm Optimization approach and can mitigate effects
f complex object shape, object clutter, motion etc. as shown in
123,125]. The major advantage of method is based on strong
lobal optimization ability, which makes it suitable for real time
rocessing and detect objects of any shape or size. Genetic Algo-
ithms could be extended to model background effectively to
vercome illumination changes using edges and intensity values
f frame as shown in [99,100]. Hybrid methods of object detec-
ion and tracking approaches in videos are motivated by the fact
ecause they focus on combining the best properties of two  or more
bject detection and tracking techniques. Recent initiatives such as
126–129,132] etc. shows that researchers take interest in apply-
ng hybrid techniques for object detection and tracking in videos
o achieve accurate results. They have been successful in address-
ng issue related to uncertainty in detection process caused by the
ited background maintenance phase of Background subtraction
pproach. The experimental results on real color video sequence
howed promising results and redirected researcher’s attention
owards hybrid approaches of object detection in videos. Hybrid
echniques have been very successful in proposing effective solu-
ions in complex field of tumor detection [141–143]. Study [131]
ased on neuro-fuzzy approach has shown some promise in over-
oming challenges posed by shadows, camouflaging.

1. Conclusions and summarizations

In the last decade, the problem of object detection and track-
ng in videos has received considerable attention of researchers
round globe. In the present study, various soft computing based
pproaches for moving object detection and tracking in videos
ere presented. Although a comprehensive review of all various
oft computing based approaches for moving object detection and
racking in videos is beyond scope of any paper but articles par-
icularly relevant to the topic of study are presented. Research
rticles utilizing theories of fuzzy logic, neural networks and evo-
puting 70 (2018) 423–464

lutionary based algorithms have been explored and categorized
accordingly. The implication of this study is to provide better under-
standing of soft computing based approaches for moving object
detection and tracking in videos. It is prudent to say that literature
presented in this survey provides categorization of various recent
articles according to soft computing based approaches which will
help researchers to choose an appropriate approach for particu-
lar application. Secondly, it presents an insight into failure as well
as success of the existing soft computing based approaches which
will help budding researchers to have a wider observation on the
entire field. Availability of datasets, research trends, issues and
future directions are also highlighted. Moreover, based on the char-
acteristics of the application, a brief guideline is provided for the
selection of appropriate soft computing based approach. A number
of issues to guide future directions of research were also provided
in the paper. One of the major challenge with all soft computing
approaches is the time taken to converge to a global optimum
solution; no such study is available in which comparisons with
respect to settling time have been made with two  or more soft
computing based algorithms. Some new soft computing techniques
that shows quick convergence time as compared to techniques
like genetic algorithm, PSO etc. like Ions Motion Algorithm [184],
Water Cycle Algorithm [185], Water wave Optimization [186], Mine
Blast Optimization [187] can be explored. Solutions based on such
techniques can be explored for real time video analysis and pro-
cessing. Preprocessing of videos is also one of the emergent areas
that can improve the detection results and a very small number of
studies using soft computing techniques have been proposed for
preprocessing or enhancement of videos. Studies based on nature
inspired algorithms available at [188,189] could be explored for
such research directions. The significance of survey may be gauged
from industrial, academic and end user level; Academician and
young students will be benefitted as image processing and com-
puter vision together with machine learning or soft computing is
being studied by large number of students at both graduate and post
graduate levels, the concepts presented may  inculcate novel ideas
in young minds which may  be hatched at an early stage. Industry
and end user may  be directly befitted as more and more explo-
rations in the field will attract researchers to devise better and
relatively low cost solutions that are reachable to all sections of
society.
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